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EDITOR’S  NOTE 


THE  “Outlines  of  Biology”  has  been  revised  and  sup- 
plemented so  that  it  now  completely  covers  the  ground 
of  the  student  working  for  the  First  Examination  of  the 
Conjoint  Board  of  Surgeons  and  Physicians,  London.  In 
large  measure  it  will  also  meet  the  requirements  of  students 
preparing  for  other  examinations,  such  as  the  First  Medical 
of  London  University  and  of  Durham  University. 

While  the  limits  of  the  subjects  dealt  with  have  been 
largely  determined  by  class  needs,  the  treatment  of  the 
matter,  it  is  hoped,  has  been  adequately  full  for  the  purposes 
of  elementary  scientific  teaching. 

Chapters  II,  XV,  and  XXII  have  been  supplemented, 
while  Chapters  X,  XI,  XIV,  XVI,  XVII,  XVIII,  XXVI, 
XXVII,  and  XXVIII  are  new.  The  subject  matters  of 
Chapters  XXVII  and  XXVIII  were  dealt  with  in  past  editions, 
but  in  this  edition  they  have  been  entirely  rewritten  and 
amplified.  Chapter  XXIX  has  been  recast  and  supplemented. 

The  illustrations  have  been  largely  added  to.  All  the 
half-tone  plates  and  the  text  figures  31,  64,  65,  70,  and  74 
are  new. 

Most  class  books  of  this  kind  lack  any  formal  account  of 
Histology.  In  this  edition  an  attempt  has  been  made  to 
present  the  chief  elementary  facts  '.in  the  histology  of  the 
fundamental  tissues. 

The  editor  alone  is  answerable  for  any  Mendelian  inter- 
pretations which  may  occur  in  the  pages  of  this  new  edition. 
He  is  also  responsible  for  the  few  paragraphs  here  and  there 
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which  in  considering  the  relationship  of  the  organism  to  the 
environment  emphasizes  the  important  part  which  the  former 
plays.  It  is  a strange  fact,  but  the  great  majority  of  young 
students,  if  they  have  any  ideas  at  all,  start  their  medical 
studies  obsessed  with  the  conception  that  the  environment 
directly  determines  everything,  and  that  the  organism  counts 
for  nothing.  The  individual  organism  fills  their  intellectual 
horizon  to  the  complete  exclusion  of  the  part  which  the  race 
has  to  play.  Wherever  it  has  seemed  legitimate  to  correct 
that  error,  the  opportunity  has  been  utilized  in  these  pages. 


GEO.  P MUDGE 


Biological  Department 

London  Hospital  Medical  College 
London,  E 


November , 1911 


PREFACE 


THE  formal  contents  of  this  book  have  been  determined 
by  the  syllabus  of  the  conjoint  examining  board  of  the 
Royal  Colleges  of  Physicians  and  Surgeons  of  England,  issued 
for  the  guidance  of  candidates  preparing  for  the  examination 
in  Elementary  Biology.  I have  endeavoured  to  set  forth  the 
necessary  facts  plainly,  but  in  such  fashion  that  the  relations 
they  bear  to  each  other,  and  their  places  in  the  science  of 
Biology,  shall  be  apparent.  The  actual  facts  can  be  learned 
only  with  the  microscope  and  the  scalpel.  I have  tried  to 
make  this  book  serve  as  a guide  in  the  laboratory,  and  also  to 
supply  the  necessary  connecting  links  between  the  isolated 
facts  presented  by  the  seven  or  eight  plants  and  animals 
selected  out  of  the  multitude  of  living  organisms.  I hope, 
therefore,  that  this  book  may  supply  outlines  of  Biology  to 
those  who  will  afterwards  proceed  to  that  special  branch  of 
Biology  known  as  the  study  of  medicine,  and  that  it  may  also 
serve  those  who  propose  to  devote  themselves  afterwards  to 
more  detailed  study  of  zoology,  with  the  aid  of  more  advanced 
text-books. 

In  following  so  well-beaten  a track,  I am  indebted  to  many 
predecessors,  to  whom  I wish  to  make  grateful  acknowledg- 
ment. I have  drawn  all  the  figures  specially  for  this  book ; 
in  two  or  three  cases  directly  from  figures  already  published, 
in  several  cases  from  the  specimens  with  the  aid  of  published 
figures.  These  are  acknowledged  in  their  places  ; the  others 
are  original. 

P.  CHALMERS  MITCHELL 

London,  1894 
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CHAPTER  I 


PROTOPLASM 

LIVING  bodies  possess  many  familiar  properties  which 
give  them  an  unmistakable  character.  We  may  be 
unable  to  distinguish  in  them  growth  or  movement,  the 
phenomena  which  we  associate  most  readily  with  life,  but 
we  know  that  we  can  produce,  by  easy  mechanical  or 
1 chemical  methods,  an  arrest  or  alteration  of  the  processes  of 
life.  This  arrest  or  alteration,  that  we  call  death,  we  look 
1 confidently  to  be  followed  by  gross  changes  in  the  bodily 
substance.  The  form  and  consistency  alter  : the  pleasant 
neuhality  of  the  odour  is  replaced  by  offensive  exhalations, 
and  the  substance  resolves  itself  into  water,  ashes,  and  gases.’ 
If  we  treat  the  living  substance,  be  it  part  of  a growing  root, 
a green  leaf,  or  part  of  the  fresh  tissue  of  an  animal,  by 
strong  heat,  by  placing  it  in  a test-tube  held  over  a flame, 
first  a quantity  of  water  is  driven  off,  and  then  the 
substance  chars,  and  there  issues  a thick  smoke  in  which 
ammonia  and  sulphur  can  be  detected.  We  are  thus  certain 
o the  presence  of  hydrogen  and  oxygen,  nitrogen  and 
sulphur,  and  the  charred  remains  are  chiefly  carbon.  These 

elements  we  shall  find  compose  the  chief  constituents  in 
living  material. 

If  an  exceedingly  thin  slice  or  shred  of  such  living  material 
placed  in  water  or  in  diluted  glycerine,  and  examined 
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under  the  microscope,  it  may  be  seen  to  be  composed  of 
closely  packed,  distinct  pieces,  called  cells.  If  the  substance 
chosen  is  a thin  film  picked  with  a needle  from  the  surface 
of  a leaf,  or  isolated  pieces  scraped  with  a blunt  edge  from 
the  inside  of  one’s  own  cheek,  these  cells  in  the  former  case 
exhibit  definite  cell-walls  and  in  the  latter  a definite  out- 
line. In  both  there  will  be  seen  lying  in  the  protoplasmic  sub- 
stance of  the  cell  a central  thickening  or  nucleus.  The  cells 
are  therefore  manifestly  separate  elements,  and  constitute 
what  we  may  regard  as  the  structural  units  of  the 
organism.  In  some  tissues,  and  especially  in  those  of 
animals,  the  outlines  of  cells  are  not  readily  seen.  What  is 
more  important  to  notice  is  that  these  cells,  when  taken 
alive  from  fresh  tissues,  and  preferably  from  young  growing 
tissues,  are  composed  of  a semi-transparent,  colourless 
material,  looking  like  thin  gum  into  which  small  transparent 
granules  have  been  stirred.  The  substance  which  has  this 
appearance  is  protoplasm,  and  is  the  living  part  of  the  cells 
of  all  animals  and  plants.  Animals  and  plants  are  alive  and 
growing  ; their  protoplasm  is  alive  and  growing  ; and  we 
know  protoplasm  only  as  a living  substance.  Chemical 
analysis  kills  it,  and  dead  material  is  not  living  protoplasm. 
We  know  that  what  we  call  protoplasm  is  a mixture,  not  a 
single  chemical  substance.  It  is  alive,  and  therefore  con- 
stantly building  up  food-materials  into  itself ; constantly 
breaking  down  part  of  itself  in  the  process  of  doing  the  work 
of  living  ; constantly,  again,  forming  substances  like  cell-walls,, 
like  enamel,  or  wax,  or  horn,  which  are  derived  from  pro- 
toplasm, but  are  not  protoplasm.  Thus  protoplasm,  as  we 
look  at  it  under  the  microscope,  and  as  we  must  carry  it  in 
our  minds,  is  a flux  of  chemical  materials,  some  of  them  food 
in  various  stages  of  the  process  of  building  up  into  living, 
substance,  some  of  them  broken-down,  waste  products  from 
the  living  material  which  has  been  used  up,— and  some  oft 
them  substances  manufactured  by  the  living  material.  To 
see  it  one  chooses  young  growing  cells,  for  in  older  cells  the 
living  material  frequently  is  obscured  by  the  various  sub- 
stances it  has  made. 
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Protoplasm,  then,  is  not  a definite  chemical  compound, 
but  a jelly-like  substance  one  can  see  with  the  microscope 
when  one  knows  where  and  how  to  look  for  it.  However, 
it  can  be  shown  that  protoplasm  consists  chiefly  of  the 
chemical  compounds  known  as  Proteins.  The  general  com- 
position of  these  bodies  is — 


Oxygen  from  20-9  to  23’5  per  cent. 

Hydrogen  „ 6-9  „ 7-3  „ 

Nitrogen  „ 15-2  „ 17-0  „ 

Carbon  „ SI’S  „ 55’S  „ 

Sulphur  „ 0-3  „ 2-0 


Besides  Proteins,  protoplasm  always  contains  a large  bulk 
of  water,  small  quantities  of  carbo-hydrates  and  fats,  and 
traces  of  iron  and  of  phosphates  and  sulphates  of  potas- 
sium, calcium,  and  magnesium.  Hence  it  is  probable  that, 
if  in  the  material  called  protoplasm  a special  chemical  com- 
pound be  present,  the  molecules  of  this  chemical  compound 
are  much  more  complex  than  the  molecules  of  Proteins. 

Protoplasm  is  dissolved  by  weak  acids  or  alkalies  and  by 
solutions  of  various  salts,  though  in  this  process  of  solution  it 
is  destroyed,  and  cannot,  like  a simple  chemical  substance 
in  solution,  be  recovered  unaltered  by  precipitation  or 
evaporation.  Strong  alcohol  coagulates  it,  but  this  again 
changes  it  as  water  is  withdrawn  in  the  process.  Heating  it 
to  about  4o°  Cent,  coagulates  it  just  as  white  of  egg  the 
best-known  protein,  is  coagulated  by  boiling.  It  must  be 
noticed  that  all  these  methods  kill  animals  or  plants  just  as 
they  alter  the  living  material  of  these  animals  and  plants. 
Different  proteins  are  soluble  in  different  solutions  and 
coagulate  at  different  temperatures. 

But  without  the  aid  of  chemistry  enough  may  be  observed 
about  protoplasm  to  give  it  a very  definite  place  in  the  world 
miafCtS^First  °*  all>  Pr°toplasm  has  the  power  of  move- 
whiri  f hlS4,Cai!  be  Seen  Particularly  well  in  the  delicate  cells 
! J Tr  ^ f!rs  0f  many  plants-  The  staminal  filaments 
' with n { u Virginian  sPiderwort)  are  set  thickly 
th  dellcate  blue  hairs.  A newly-opened  flower  should  be 
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chosen,  and  one  or  two  of  the  blue  hairs  must  be  removed 
with  great  care  and  placed  on  a slide  in  water  under  a glass 
coverslip.  The  hairs  are  seen  under  the  microscope  to  be 
composed  of  elongated  barrel-shaped  cells  disposed  in 
single  rows.  On  careful  focusing,  the  inner  wall  of  each 
cell  is  seen  to  be  lined  with  a layer  of  protoplasm,  thin  in 


Fig.  i. — a.  Cell  from  staminal  filament  of  Tradescantia.  The  protoplas- 
mic threads  are  light,  and  in  them  are  contained  the  nucleus  and  chlorophyll 
granules.  The  spaces  between  the  threads  are  filled  by  coloured  cell  sap. 

b.  A White  or  Amoeboid  Corpuscle  from  the  blood  of  a frog,  showing  changes 
of  shape  undergone  during  five  minutes. 

c.  Group  of  Yeast-cells  exhibiting  active  budding. 

some  regions,  heaped  up  in  others  (Fig.  I,  a).  In  or  near  the 
middle  of  the  cell  is  seen  the  nucleus,  a rounded,  more 
opaque,  solid-looking  mass.  The  nucleus  is  embedded  in 
another  irregular  mass  of  protoplasm,  and  from  this  to  the 
layer  round  the  cell- wall  there  pass  delicate  strands  irregu- 
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larly  arranged  and  often  branching  and  running  into  each 
other.  In  this  network  of  protoplasm  may  be  seen  granules 
of  different  shapes  and  sizes  ; some  are  opaque,  some  readily 
catch  the  light  if  one  moves  the  mirror  of  the  microscope 
backwards  and  forwards.  When  the  eye  has  become  accus- 
tomed to  the  semi-transparent  protoplasm,  it  may  be  seen 
that  constant  streaming  movements  take  place,  especially  in 
the  fine  strands  running  to  and  from  the  nucleus.  In  some 
of  these,  the  protoplasm  and  granules  are  moving  towards  the 
nucleus,  in  others,  away  from  it ; while  occasionally  in  the 
same  strand  there  are  two  currents  passing  in  opposite 
directions.  In  this  restless  activity  the  shape  and  direction 
of  the  strands  are  always  changing,  some  disappear,  new 
ones  arise,  the  cross  connections  break  down  and  are 
reformed  in  new  places,  and  the  whole  appearance  of  the 
network  changes  from  time  to  time.  Living  protoplasm 
moves,  and  this  movement  is  the  manifestation  of  a mole- 
cular unrest,  producing  a condition  which  we  may  term 
irritability. 

Another  kind  of  movement  can  be  seen  in  white  blood- 
corpuscles.  If  a drop  of  fresh  blood,  taken  from  a newt  or 
frog,  be  placed  on  a perfectly  clean  slide  and  covered  by  a 
thin  cover-slip,  the  microscope  reveals  the  presence  in  it  of 
a number  of  large  oval  cells  with  regular  outline  and  reddish 
tinge  (PI.  IV  2).  But  among  these  maybe  seen  a less  number 
of  smaller,  irregularly  shaped,  transparent  masses  of  pro- 
toplasm. As  the  preparation  would  soon  dry  by  evaporation 
if  unprotected,  a film  of  oil  should  be  drawn  with  a brush 
round  the  edge  of  the  cover-slip.  Then,  if  we  watch  one 
of  these  white  or  colourless  corpuscles,  we  see  that  the 
shape  slowly  changes  (Fig.  1,  b).  At  first,  most  probably,  it 
appears  covered  with  delicate  prickles,  which  are  really 
extensions  of  the  protoplasm  of  the  cell.  Sometimes  some 
of  these  processes  lengthen,  become  thicker,  and  even  may 
end  on  themselves.  A group  of  processes  may  get  pushed 
out  on  one  side,  while  those  on  the  other  become  withdrawn. 

oreovei  the  shape  of  the  whole  cell  is  constantly  altering, 
and  the  cell  itself  slowly  creeps  or  moves  through  the  liquid 
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in  which  it  is  floating,  by  the  extension  of  processes  on  one 
side  and  their  retraction  on  the  other.  Careful  focusing 
shows  that,  as  in  the  hair-cell  of  Tradescantia , the  proto- 
plasm appears  to  consist  of  a clearer  substance  with  granules 
embedded  in  it,  and  both  clear  substance  and  the  granules 
share  in  the  streaming  movements.  In  this  case,  however, 
the  movements,  instead  of  being  confined  within  a motion- 
less cell  wall,  cause  movement  of  the  whole  cell  from  one 
point  to  another.  This  second  kind  of  movement  is  called 
amoeboid,  and  the  processes  which  are  pushed  out  and  with- 
drawn are  named  pseudopodia.  With  other  forms  of  proto- 
plasmic movement  the  student  will  become  familiar,  but  these 
two  forms  may  be  taken  as  sufficient  to  show  the  fact  of 
movement. 

The  movements  of  the  protoplasm  of  Tradescantia , or  of 
the  white  corpuscles,  sometimes  cannot  be  seen  when  the 
preparation  has  just  been  made,  whereas  after  a few  minutes 
they  are  very  visible.  The  shock  of  removal  to  the  glass 
may  have  arrested  their  motion,  and  slight  pressure  with 
the  point  of  a needle  on  the  surface  of  the  cover-slip  may 
again  produce  quiescence,  while  activity  is  resumed  if  the 
stimulus  has  been  slight  enough  to  do  no  damage.  Gentle 
warmth  stimulates  the  movements  until  about  450  Cent,  has 
been  reached,  when  all  movement  ceases.  Electric  shocks, 
and  the  application  of  many  chemical  substances,  accelerate 
the  movements.  All  these  show  the  second  striking  fact 
about  protoplasm — that  it  is  irritable,  that  is,  able  to  re- 
spond to  stimuli.  Besides  the  stimuli  mentioned,  a very  little 
observation  of  the  protoplasm  in  living  animals  and  plants 
shows  that  light,  food,  variations  in  the  fluids,  purity  or 
impurity  of  the  fluids  in  which  the  organisms  are  living, 
serve  as  stimuli,  increasing  or  diminishing  protoplasmic 
activity.  This  power  of  response  of  protoplasm,  however, 
depends  not  only  upon  the  presence  of  external  stimuli,  but 
also  upon  the  inherent  molecular  structure  of  the  protoplasm 
itself.  Without  that  structure  the  external  agents  would  be 
powerless  to  call  forth  responses. 

Next,  protoplasm  absorbs  food.  Sometimes,  as  with 
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animals,  the  food  consists  of  the  bodies  of  other  animals 
and  of  plants : sometimes,  as  in  most  green  plants,  the  food 
is  purely  inorganic.  The  details  of  the  nutrition  of  proto- 
plasm will  have  to  be  considered  later  on.  Protoplasm 
constantly  is  exchanging  gases  with  the  surrounding  air  01 
water  ; but  the  details  of  the  respiration  or  breathing  of 
protoplasm  must  also  be  treated  at  length  later.  As  a result 
of  feeding,  protoplasm  grows.  Sometimes,  as  in  the  body 
of  an  adult,  growth  is  only  sufficient  to  keep  pace  with  the 
waste  of  tissue  which  goes  on  in  all  living  animals  and  plants. 
But  in  the  greatest  number  of  cases  growth  means  actual 
increase  in  size.  The  separate  cells,  however,  do  not  grow 
indefinitely  large.  In  growing  tissues  or  in  unicellular  organ- 
isms, after  a certain  size,  which  is  different  in  different  kinds 
of  cells,  a cell  on  the  point  of  overgrowth  gives  off  a bud 
which  becomes  another  cell,  or  which  directly  divides  into 
two  daughter  cells.  If  we  examine  with  the  microscope 
some  of  the  white  frothy  substance  from  a brewer’s  vat 
called  yeast,  we  see  that  most  of  the  separate  round  cells 
which  have  been  floating  in  the  sweet  nutritious  juices  in 
the  vat  are  actively  budding  (Fig.  i,  c).  This  is  the  simplest 
kind  of  reproduction,  and  in  reality  is  a form  of  growth. 

Finally,  protoplasm  excretes,  or  turns  out  waste  products. 
In  the  processes  of  life,  substances  generally  coming  from 
broken  down  protoplasm  are  extruded  by  the  protoplasm. 
Many  of  these  substances  are  soluble  in  water,  and  are 
turned  out  in  a watery  fluid.  The  actual  occurrence  of 
this  can  be  seen  beautifully  in  many  single-celled  animals. 
If  one  takes  some  pond  or  ditch  water  and  examines  it 
under  a microscope,  many  small  animals  and  plants  may  be 
seen.  But  if  it  be  poured  overnight  into  a flat  pan  in 
which  two  or  three  clean  glass  slides  have  been  placed,  a 
number  of  single-celled  organisms  will  settle  down  on  the 
slides  during  the  night.  If  these  slides  be  lifted  out  carefully, 
wiped  on  the  under  surface  and  covered  with  a cover-slip, 
one  can  hardly  miss  finding  a minute  single-celled  animal, 
from  the  spherical  wall  of  which  there  radiate  out  a number 
of  slender  knobbed  pseudopodia.  The  protoplasm  is  clear 
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and  granular;  there  is  a small  nucleus  ; but  most  obvious  is 
a round  spot  that  looks  empty,  and  that  has  a diameter  at 


Fig.  2. — a.  A Single-celled  Animal  (belonging  to  the  Acimiaria  or  suctorial 
Protozoa ) with  delicate  spherical  cell-wall,  and  long  knobbed  pseudopodia ; 
within  the  protoplasm  lies  a small  nucleus  and  a large  contractile  vacuole. 

b.  The  same  ; the  contractile  vacuole  has  disappeared,  the  contents  being 
extruded  : the  shrivelling  of  the  cell-wall  shows  the  loss  of  bulk  undergone. 

least  half  the  diameter  of  the  whole  animal  (Fig.  2,  a).  As 
one  looks  at  it,  it  suddenly  disappears ; the  round  disc  of  the 
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cell  becomes  shrivelled,  and  in  the  water  a little  whirlpool 
is  seen,  as  if  an  oily  liquid  had  been  squeezed  out  (Fig.  2,  b). 
Slowly  the  spot  reappears,  gets  larger  and  larger,  and  bursts 
again,  and  in  a few  minutes  it  may  be  seen  to  fill  and  empty 
several  times.  This  spot  is  called  a contractile  or  pulsating 
vacuole,  and  a contractile  vacuole  is  the  most  visible  form 
of  protoplasmic  excretion.  In  most  cells  the  process  of 
excretion  goes  on  slowly  throughout  the  cell,  and  no  special 
vacuole  is  seen.  But  it  may  be  taken  for  granted  that  excre- 
tion, whether  visible  or  not,  goes  on  in  all  protoplasm.  One 
must  not  confound  it  with  the  extrusion  of  solid  indigestible 


Fig.  3.  Protoplasm  of  Amtvba  actinophora. 
Fig.  4. — Protoplasm  of  nucleus  with  part  of 
ganglion  cell  of  an  ox.  (From  Btitschli.) 


surrounding  protoplasm  from 


particles  a process  which  can  be  seen  in  some  living  cells 

especially  animal  cells. 

Protoplasm,  then,  is  the  living,  semi-transparent,  jelly-like 
su  stance  composing  the  bulk  of  the  living  cells  of  animals 
an  plants.  It  is  made  up  chiefly  of  water  and  of  the  chemi- 
ea  substances  known  as  proteins,  and  it  possesses  the  pro- 

G,^k°frM0YJement’  Irritabili‘y.  Feeding,  Respiration, 
Growth,  Reproduction,  and  Excretion. 

_ n?G1  magnification  it  may  be  seen  that  many  of  the 
granules  appear  like  the  crossing  points  of  a fine  mesh-work, 
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and  that  protoplasm  apparently  consists  of  a firmer  mesh- 
work,  the  strands  of  which  are  refractive,  and  a more  fluid 
substance  which  fills  the  interstices  of  the  mesh-work  (Figs. 
3 and  4).  Professor  Biitschli  has  shown  recently  that  an 
artificially  produced  very  fine  froth  or  foam  exhibits  under 
the  microscope  precisely  the  same  appearance  (Fig.  5).  In 
his  artificial  foams  the  minute  bubbles  consisted  of  tiny  drops 
of  a kind  of  soap  in  solution,  each  surrounded  by  a thin  film 
of  oil.  When  a drop  of  this  foam  is  brought  in  contact  with 


Fig.  5. — Foam  of  Olive  Oil  and  Carbonate  of  Potassium,  very  viscous,  much 
magnified  and  pressed  into  fibrils  by  the  cover-slip.  The  upper  figure  is  a 
higher  magnification  of  part  of  the  lower  figure.  (From  Btitschli.) 


water,  streaming  movements,  closely  resembling  the  move- 
ments in  protoplasm,  are  produced,  and  the  drop  of  foam 
moves  slowly  through  the  water.  It  is  therefore  quite  pos- 
sible that  the  network  of  protoplasm  really  is  a fine  froth, 
the  strands  being  a fluid  surrounding  droplets  of  another 
fluid — the  apparently  more  liquid  part  of  protoplasm. 

There  are  several  theories  as  to  the  physical  constitution 
of  protoplasm,  but  it  would  serve  no  useful  purpose  to  further 
consider  them  here, 


CHAPTER  II 


THE  BUILDING  UP  OF  PROTOPLASM 

PROTOPLASM  and  substances  formed  by  it  are  the 
material  of  the  tissues  of  all  animals  and  plants  ; and 
all  animals  and  plants,  in  consequence  of  this,  have  the 
powers  of  MoYement,  Irritability,  Assimilation,  Respi- 
ration, Growth  and  Reproduction,  and  Excretion.  The 
individual  cells  of  the  animal  or  plant  bodies  may  be  built 
up  into  complicated  tissues  and  organs  which  serve  special 
purposes,  and  in  the  elaborate  systems  of  higher  animals 
and  plants  these  tissues  and  organs  may  assist,  or  regulate, 
or  interfere  with  each  other’s  work.  But,  in  every  case,  the 
actual  work  done  is  done  by  individual  cells,  and  the  result 
that  we  see  is  the  combined  work  of  the  large  number  of 
individual  cells  present  in  the  organs.  For  instance,  the 
hands  may  take  food  to  the  mouth,  the  teeth  chew  it,  the 
muscles  of  the  tongue  and  mouth  and  gullet  force  it  down  ; 
but  it  is  ultimately  the  individual  cells  lining  the  intestines 
that  absorb  and  really  assimilate  the  meal.  Similarly  all  the 
powers  of  animals  or  plants  can  be  traced  down  to  individual 
cells,  down  to  protoplasm  itself. 

Practically,  then,  the  living  world  is  protoplasm.  In  the 
processes  of  life,  protoplasm  is  constantly  being  used  up.  A 
starved  organism  loses  in  weight,  and  even  while  food  is 
abundant,  protoplasm  is  constantly  undergoing  change  and 
being  broken  down.  When  an  animal  or  plant  dies  and 
decays,  protoplasm  is  destroyed.  How,  then,  is  this  sub- 
stance built  up  from  the  inorganic  materials  in  the  world  ? 

If  we  consider  the  food  supply  of  the  land,  it  is  clear  that 
flesh-eating  animals  practically  only  turn  the  protoplasm  of 
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their  prey  into  their  own  protoplasm,  and  that  their  life  is 
dependent  on  the  life  of  other  animals.  Animals  with  an 
omnivorous  diet  live  partly  on  animal  protoplasm,  partly  on 
the  tissues  of  plants.  Other  animals  live  entirely  on  plants. 
If,  seeking  an  answer  to  our  problem,  we  turn  to  plants,  we 
can  dismiss  many  which,  like  moulds  and  fungi,  live  on  living 
or  decaying  organic  matter,  and  we  are  left  with  the  green 
vegetation  of  the  earth.  The  food  supply  of  the  sea  is  less 
easy  to  understand.  The  vast  majority  of  marine  animals  are 
predatory.  Most  seabirds  are  fish-eaters  ; most  fish  live 
on  other  fish,  or  on  small  swimming  animals  like  the  larvae 
of  Crustacea  which  abound  in  the  waters.  Others  live  on  the 
shellfish  of  the  bottom,  or  on  worms  and  anemones  and  coral 
polyps.  Most  of  these  lower  forms  of  life  are  themselves 
carnivorous,  and  at  first  sight  it  seems  as  if  there  was  no 
answer  to  our  problem.  The  amount  of  floating  seaweed 
or  the  seaweed  round  the  coasts  is  not  nearly  enough  to 
replace  the  vegetation  of  the  land.  Some  debris  comes  down 
from  the  land  ; the  sewage  in  the  Thames,  for  instance,  ulti- 
mately supplies  food  for  the  rich  fishing  stations  off  Yar- 
mouth or  on  the  Dogger  Bank  ; the  sewage  of  the  Clyde 
fattens  the  herrings  of  Loch  Fyne.  But  the  greater  part  of 
the  open  sea  is  not  supplied  with  organic  remains  from  the 
land.  If,  however,  we  examine  a bucket  of  surface  water, 
there  are  to  be  found  in  it  innumerable  microscopic  plants, 
and  these,  like  the  green  vegetation  of  the  earth,  form  the 
first  stage  in  the  building  up  of  protoplasm  ; and,  like  most 
plants  with  which  we  are  familiar,  very  many  of  these  minute 
plants  have  a green  colour.  The  starting-point  of  the  food 
supply  of  land  and  sea  is  green  vegetation.  The  formation 
of  protoplasm  from  inorganic  materials  depends  on  the  sub- 
stance to  which  this  green  colouring  is  due,  and  which  is 
called  Chlorophyll  (green  of  leaf).  If  some  green  leaves  are 
soaked  in  alcohol,  the  green  colouring  matter  is  dissolved 
and  forms  a clear  solution,  bright  green  in  colour.  This  solu- 
tion is  fluorescent,  for  it  is  green  when  the  light  shines  through 
it,  but  the  colour  appears  red  under  a strong  reflected  light. 

When  examined  under  the  spectroscope  its  spectrum  is  seen 
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to  give  strong  absorption  bands  in  the  red  and  oiange  end, 
but  only  a faint  and  diffuse  absorption  in  the  blue  and  violet. 
There  probably  is  a connexion  between  this  large  absorption 
of  thermal  energy  and  the  striking  functions  of  chloiophyll. 
Every  living  cell  containing  chlorophyll  in  the  presence  of 
sunlight  performs  chemical  work.  It  absorbs  carbonic  acid 
from  the  air,  partly  dissociates  the  carbon  and  oxygen,  return- 
ing the  liberated  oxygen  to  the  air.  The  carbon  is  not 
retained  as  pure  carbon,  but,  probably  in  the  act  of  being 
separated  from  the  carbonic  acid,  is  associated  with  hydro- 
gen and  oxygen  in  the  form  of  a simple  carbohydrate  that 
is,  a compound  of  carbon,  hydrogen,  and  oxygen,  in  which 
the  hydrogen  and  oxygen  are  in  the  same  proportion  as  they 
are  in  water. 

This  leads  to  another  striking  fact.  Carbon  combines 
readily  with  oxygen,  and  in  the  process  sets  free  energy  in 
the  form  of  heat.  What  then  takes  place  in  plants,  by  the 
agency  of  chlorophyll,  is  a turning  of  radiant  energy  of  sun- 
light into  potential  energy  ; the  radiant  energy  is  stored  up  in 
the  form  of  a chemical  compound  of  such  a kind  that,  by 
union  with  free  oxygen,  it  will  liberate  the  energy  again. 

From  one  point  of  view  plants  and  animals,  or  the  pro- 
toplasm of  which  they  consist,  may  be  regarded  as  centres  of 
force,  as  things  capable  of  doing  work  ; and  here,  as  the 
secret  of  their  food-supply,  as  the  first  stage  in  the  building 
up  of  protoplasm,  is  to  be  found  a supply  of  energy,  a means 
by  which  the  radiant  energy  of  sunlight  is  stored  up  in  a 
form  which  can  be  used.  The  plants  which  possess  chloro- 
phyll store  up  the  energy  : the  animals  which  feed  upon 
plants  use  this  store  for  their  own  lives,  but  retain  enough  in 
their  own  bodies  to  serve  for  the  carnivorous  animals  which 
eat  them.  Carbon  or  Carbohydrates,  when  supplied  with 
oxygen,  form  carbonic  acid,  and  give  out  energy  as  heat. 
Although  the  chemical  details  of  the  processes  of  life — what 
is  called  the  metabolism  of  protoplasm — are  very  compli- 
cated, it  may  be  said  generally  that  protoplasm  takes  in 
oxygen,  performs  the  work  of  life,  and  gives  out  carbonic 
acid  ; and  that  it  is  enabled  to  do  this  by  the  capacity  chloro- 
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phyll  has  for  absorbing  the  energy  of  sunlight  and  storing  it 
up  in  the  form  of  carbon  compounds  with  less  oxygen  than 
the  proportion  in  carbonic  acid  (C02). 

Speaking  generally,  dead  protoplasm,  at  the  moment  of  its 
death,  has  approximately  the  same  composition  as  living 
protoplasm.  But  yet  dead  and  living  protoplasm  are  very 
different  things.  Dead  protoplasm  was  once  living  pro- 
toplasm, and  but  a moment  before  was  protoplasm  in  the  full 
play  of  the  energies  of  life.  Yet  it  is  incapable  of  doing  what 
living  protoplasm  can.  Left  to  itself  it  gradually  undergoes 
dissociative  changes,  it  becomes  less  and  less  in  bulk  and 
ultimately  disappears,  all  except  a mere  trace  of  mineral 
dust.  But  it  is  not  destroyed.  For  in  the  course  of  its 
disintegration  it  evolved  heat,  carbonic  dioxide  gas,  water,  and 
some  ammoniacal  or  other  nitrogenous  body  in  one  form  or 
another.  There  has  been  a transformation  but  not  destruction. 
There  is  no  such  thing  as  destruction  in  the  literal  sense. 
The  living  world,  like  the  universe,  is  a seat  of  constant 
change,  not  of  creation  or  destruction.  Nothing  is  new, 
nothing  is  lost,  all  is  change  and  recombination  of  old 
materials  and  existent  forces.  Out  of  inorganic  matter  pro- 
toplasm is  built  up,  into  inorganic  matter  it  becomes  dis- 
sociated as  the  normal  function  of  its  living  activities,  and  to 
inorganic  matter  it  returns  as  the  transient  destiny  which 
follows  its  death. 

Living  protoplasm,  like  dead  protoplasm,  is  continually 
giving  off  heat,  carbonic  acid  gas,  water,  and  some  nitro- 
genous compound,  but  unlike  dead  protoplasm  it  does  not 
disintegrate  and  disappear.  It  maintains  itself  by  replenish- 
ing its  lost  matter  from  the  food  taken  in.  But  food  may  be 
very  different  in  its  chemical  and  physical  properties  to  that 
protoplasm  into  which  it  is  to  become  incorporated,  and 
which  transiently  it  will  become.  Clearly,  then,  between  the 
taking  in  of  crude  food  substances  at  one  end,  the  building 
up  of  these  into  living  protoplasm,  and  the  discharge  of  waste 
substances  at  the  other  end  of  the  cycle  of  vital  activities, 
some  profound  changes  must  occur.  The  food  must  undergo 
a series  of  modifications,  at  each  stage  of  which  it  becomes 


THE  BUILDING  UP  OF  PROTOPLASM  15 


more  like  protoplasm,  less  like  food,  until  at  last  it  is  living 
protoplasm  itself.  This  building-up  process  of  the  food  into 
living  protoplasm  we  may  speak  of  as  anabolism  or  assimi- 
lation, and  the  different  bodies  formed  in  the  successive 
stages  as  anastates.  No  sooner  are  these  anastates  in- 
corporated into  living  protoplasm,  than  they  unite  with 
oxygen,  a process  which  constitutes  the  fundamental  act  of 
respiration.  Thence  the  protoplasm  breaks  down  into  more 
and  more  highly  oxidized  bodies  or  katastates,  and  at  each 
stage  in  this  down-breaking  process  the  products  of  oxidation 
become  successively  less  like  the  protoplasm  from  which  they 
are  derived  and  resemble  more  the  ultimate  waste  products 
to  which  they  will  give  rise.  This  series  of  changes  consti- 
tutes katabolism.  And  the  whole  cycle  of  changes  comprised 
under  anabolism  and  katabolism  may  be  termed  metabolism. 


CHAPTER  III 


SINGLE-CELLED  ORGANISMS 
Protophyta  and  Protozoa 

THE  complexity  of  structure  which  we  see  in  higher 
forms  of  life,  in  Man  and  the  rabbit,  the  oak-tree  and 
the  geranium,  may  be  necessary  for  the  higher  or  more 
complicated  life  which  such  forms  live,  but  it  is  not  at  all 
necessary  for  the  manifestation  of  life  itself.  For  the  par- 
ticular attributes  which  are  collectively  the  indications  of  life, 
which  supply  the  only  answer  that  we  have  to  the  query, 
What  is  life  ?,  are  exhibited  by  the  simplest  forms  of  living 
things.  So  simple  are  these  organisms  that  in  many  cases 
they  are  merely  a microscopic  speck  of  protoplasm  without 
cell-wall  or  organized  nucleus.  In  other  cases  they  have  a 
nucleus  and  no  cell  - wall  as  in  the  Proteus  animalcule 
{Amoeba),  or  a cell-wall  and  no  organized  nucleus  as  in 
bacteria.  In  others  a cell-wall  and  nucleus  are  present,  as  in 
the  slipper  animalculae  ( Paramcecium ),  and  in  lowly  green 
plants,  such  as  Protococcus , or  non-green  plants  or  fungi, 
like  the  yeast  plant. 

All  these  simple  forms  of  microscopic  life  are  unicellular 
organisms,  that  is,  individuals  which  never  become  more 
than  a single  cell.  They  end  life  as  they  began  it  in  so  far 
that  their  organization  never  becomes,  as  in  higher  forms,  a 
mass  of  cells,  but  permanently  remains  a single  cell.  Yet 
small  in  size,  simple  in  structure  though  these  forms  are,  they 
are  capable  of  manifesting  all  the  phenomena  of  life  which 
the  higher  forms  exhibit.  They  ingest  food  material,  digest 
it,  and  assimilate  it ; they  respire,  secrete  various  ferments 
for  the  purposes  of  digestion  and  assimilation,  excrete  waste 
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products,  and  manifest  irritable  responses,  in  one  form  or 
another,  to  changing  environmental  conditions  ; they  also 
maintain  themselves  in  time  and  space  by  multiplication  of 
their  numbers  ; or,  in  other  words,  they  exhibit  the  phenome- 
non of  reproduction. 

The  manifestations  of  life  as  they  are  exhibited  in  higher 
forms  are,  of  course,  of  a more  complex  kind,  but  essentially 
life  is  the  same  throughout  the  animal  and  plant  kingdom. 
The  complications  and  interdependency  of  the  various  func- 
tions and  structures  of  living  organisms  in  higher  forms 
render  the  study  of  life  in  them  very  difficult.  It  can  be 
much  easiei  studied  in  the  simplest  forms.  For  here  we  see 
it  in  its  simplest  and  most  isolated  manifestation.  We  shall 
theiefore  pioceed  next  to  study  some  unicellular  plants  and 
animals. 


CHAPTER  IV 


UNICELLULAR  PLANTS  (PROTOPHYTA) 

NON-GREEN  PLANTS  (FUNGI) 

The  Yeast  Plant  ( Saccharomyces  cerevisice) 

ONE  of  the  simplest  of  unicellular  plants  is  the  yeast 
fungus  (Saccharomyces  cerevisice).  The  pale  yellow, 
frothy  substance  known  as  brewer’s  yeast,  which  rises  as  a 
scum  on  the  surface  of  fermenting  vats,  and  which  is  used 
by  bakers  to  make  dough  “ rise,”  consists  of  a fluid  in  which 
are  suspended  immense  numbers  of  minute  particles  just 
visible  with  a low  power.  Each  of  these  particles  is  a single- 
celled  organism— the  yeast  plant.  Each  individual  cell  is 
called  a torula.  Under  the  higher  power  of  the  microscope 
the  yeast  plant  appears  a small  round  cell  with  a very  thin 
cell-wall  and  granular  contents.  The  cell-wall  is  so  thin  that 
it  cannot  be  seen  definitely,  until  the  protoplasm  has  been 
stained  by  some  fluid  like  magenta.  A few  taps  with  a 
needle  on  the  cover-slip  burst  the  delicate  cells,  the  coloured 
protoplasm  emerges,  and  the  crushed  walls  remain  behind 
like  empty  grape  skins.  The  granules  and  droplets  in  the 
protoplasm  consist  of  protein  material  and  of  fat,  and  there 
are  also  usually  present  spaces  of  irregular  size  and  shape, 
called  yacuoles,  which  are  filled  with  a transparent  fluid. 
The  nucleus  is  invisible  in  unstained  specimens,  or  even  in 
specimens  stained  by  iodine  and  magenta.  But  more  com- 
plicated methods  and  special  stains  reveal  its  presence.  It 
is  a small  rounded  body  lying  in  the  protoplasm  of  the  cell 
and  staining  more  deeply. 

Yeast  cells  in  the  liquid  from  a brewer’s  vat  are  in  a 
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favourable  position  for  growth,  as  they  are  in  an  abundant 
supply  Of  food.  Various  stages  of  reproduction  by  budding 
(Fig  i,  c)  are  always  to  be  found.  A very  young  bud  is  a 
small  protrusion  of  the  protoplasm,  covered  by  a protrusion 
of  the  cell-wall.  As  the  bud  grows,  its  wall  gradually  be- 
comes round  and  finally  closes  off  the  bud  from  the  parent 
cell.  But  the  budding  may  take  place  so  rapidly  that  a 
young  bud  begins  to  throw  out  buds  itself  before  it  has 
separated  from  the  parent.  Moreover,  the  same  cell  may 
give  rise  to  more  than  one  bud  at  the  same  time,  so  that 
httle  col°nies  of  yeast  cells  are  frequently  found. 

. , en  thf  conditions  are  unfavourable  for  growth— as  for 
instance,  when  yeast  is  kept  so  long  in  a fluid  that  all ’the 
availaole  nourishment  has  been  used  up,  it  prepares  to  tide 
over  unfavourable  conditions  by  another  method  of  repro- 
duction In  cells  starved  in  this  way,  part  of  the  protoplasm 

results  tlr  and  the  Plant’in  f-‘.^son  itself  The” 

Of  these  four  a very  thick  cellular  wall  is  deposited  and  the 

are  peculiarly  able  to  rphin  tu'  pores  emerge.  These 
conditions.  They  can  snrvi  ^ V1  Under  unfavourable 

which  would  destrov  the  ^ Unfavourable  environment 

up,  the  sporest  L rfeht  d”ry>  °r,Ute-  If  the  “l-"  ** 
so  serves  to  spread  thf^l  w §6tS  bI°Wn  about>  and 
retain  their  vflahtv  fc !r  lonl  S™  plaCe  t0  place'  They 

way  to  a nutritive  fluid  a^inTh^V00!1  “ they  find  theil' 

ordinary  form  of  the  plant.  ’ ^ Y develop  raPidly  into  the 

yeast6  b™preTd°LSPnrCanibK  °bserved  ^adily  if  some 
moistened  with  water  undera  h ^ • °f  pIaster-°f-Pans  kept 
dice  of  potato  or  turnip  ‘ C Jar’  °F  lf  xt  be  Srown  on  a 
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The  cell- wall  calls  for  some  special  notice.  It  is  composed, 
like  the  cell-wall  of  all  other  plants,  of  cellulose.  This  is  a 
substance  of  which  the  exact  formula  is  uncertain.  The 
smallest  formula  is  C6HioOs,  but  it  is  probably  more  complex 
than  this.  Four  of  the  oxygen  atoms  may  be  present  in  the 
hydroxylic  form  ( — OH).  In  the  fungal  plants  of  which 
yeast  is  one,  the  cellulose  appears  in  some  way  to  be  modified, 
for  it  does  not  give  the  ordinary  reactions  of  the  cellulose  of 
green  plants  with  Schultze’s  solutions  until  it  has  been 
previously  specially  treated.  It  is  possible  that  in  fungi  it 
may  be  impregnated  with  some  peculiar  nitrogenous  body. 
In  order  to  verbally  distinguish  it  from  the  cellulose  of 
green  plants  it  may  be  spoken  of  as  fungus-cellulose. 

The  yeast  plant,  like  some  other  low  organisms,  possesses 
the  peculiar  property  of  causing  alcoholic  fermentation. 
The  “ sweet-wort  ” from  which  beer  is  made  is  malt  dis- 
solved in  water.  Malt  is  made  from  grains  of  barley  which 
have  been  allowed  to  sprout,  and  then  killed  by  heating.  In 
the  process  of  sprouting  a large  part  of  the  starch  contained 
in  the  grain  is  turned  into  what  is  called  grape  sugar. 
This  sugar,  along  with  some  of  the  protein  material  and  the 
mineral  salts  contained  in  the  barley,  is  dissolved  in  the  wort. 
Yeast,  placed  in  this,  has  the  necessary  food  materials— 
sugar,  mineral  salts  and  protein— and  it  multiplies  very 
rapidly.  Large  quantities  of  carbon  dioxide  are  given  off, 
the  sugar  gradually  disappears,  and  alcohol  is  formed  in  the 
liquid.  By  careful  experiment  it  has  been  shown  that  only 
about  i per  cent,  of  the  sugar  is  used  as  food  by  the  yeast- 
cells  in  their  growth  and  multiplication,  and  the  actual 
amount  of  carbon  dioxide  expired  by  them  must  be  very 
small.  But  their  presence  excites  a peculiar  chemical  change 
in  the  great  mass  of  sugar,  by  which  it  is  split  up  into 
carbon  dioxide  and  alcohol.  It  is  this  carbon  dioxide  gas 
that  is  given  off  in  such  quantities  that,  if  a little  yeast  be 
put  in  a teaspoonful  of  wort  in  a test-tube,  in  a few  minutes 
the  upper  part  of  the  test-tube  will  be  so  full  of  the  gas  that 
a burning  match,  thrust  into  it,  will  be  immediately 
extinguished. 
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Chemically,  the  process  of  alcoholic  fermentation  excited 
by  the  yeast  plant  is  as  follows  : — 

Grape  Sugar.  Alcohol.  Carbon  Dioxide. 
C6HI206  = 2(C2H60)  + 2(C02). 

It  must  be  remembered  that  this  is  a side  issue  of  the  life  of 


the  plant  : the  alcohol  and  the  carbon  dioxide  are  not  the 
direct  result  of  the  changes  in  the  plant  protoplasm.  The 
yeast  plant,  like  many  other  low  organisms,  is  what  is  called 
a living  or  organised  ferment.  That  is,  as  the  result  of  its 
living  activities  it  produces  some  body  which  has  the  power 
of  acting  upon  sugar  without  itself  undergoing  any  apparent 
change.  Such  a substance  is  a ferment.  It  can  be  obtained 
separately  from  yeast  cells  and  exists  apart  from  the  living 
cell.  Its  action  is  even  then  exerted  upon  sugar.  Thus 
alcoholic  fermentation  depends  not  upon  the  yeast  plant  as 
a living  entity,  but  only  upon  the  presence  of  the  ferment 
formed  by  its  living  activities. 


In  brewer’s  wort,  the  yeast  plant  obtains  its  nitrogenous 
food  in  the  form  of  protein.  Pasteur  has  shown  that  protein 
is  not  necessary  to  its  growth,  but  that  a solution  containing 
ammonium  tartrate  as  the  only  supply  of  nitrogenous  food 
is  sufficient.  Thus,  yeast  stands  intermediate  between  the 
cells  of  green  plants  and  the  cells  of  animals.  Like  animals 
jtjll  absorb  protein  directly;  unlike  green  plants  it  cannot 

form  of P ^ ZhT  Sl'PPliecl  With  nitr°Sen  in  the  simple 
of  nitrates.  But,  given  the  more  complicated  form  of 

ammonium  tartrate  (NHJ,  C4H(06  it  can  complete  the 

elaboration  of  protein.  M.  Pasteur  invented  an  artificial 

aCrSe^S1151”4  mUlUpUeS  -ts  up 


Pasteur’s  Solution  is  as  follows 

Water,  H20  

Cane  sugar,  C12H220„ 

Ammonium  tartrate  (NH4)2  C4H.o‘ 
Potassium  phosphate,  K3PO 
Calcium  phosphate,  Ca3  (P04) 
Magnesium  sulphate,  MgSO.,4 
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In  this,  fermentation  goes  on  most  actively  at  temperatures 
between  28°  and  340  C.  ; at  low  temperatures  it  ceases  ; at 
38°  all  growth  stops.  If  the  liquor  be  boiled,  the  plants  are 
killed  and  the  process  is  permanently  arrested.  The  process 
goes  on  equally  well  in  darkness  or  in  light.  It  will  occur  in 
the  absence  of  oxygen,  so  showing  that  the  yeast  plant  is 
able  to  obtain  its  oxygen  by  chemical  decomposition  of  its 
food.  It  can  take  up  its  oxygen  out  of  a chemical  combina- 
tion, and  does  not  depend  as  green  plants  and  animals  do 
upon  free  or  uncombined  oxygen  for  respiration.  Free 
oxygen,  dissolved  in  the  solution,  stops  the  process,  and 
carbonic  acid  has  no  effect  upon  it.  Thus  in  the  yeast  plant 
we  have  an  organism  remarkably  independent  of  all  con- 
ditions but  its  food,  and,  as  all  manner  of  food  solutions  have 
been  tried  and  Pasteur’s  solution  is  found  to  be  the  most 
suitable,  we  can  get  a close  knowledge  of  the  process  of  life 
in  this  case.  The  water  in  the  solution  is  needed  directly, 
as  a food  for  the  plant,  and  indirectly  that  it  may  get  its 
food  in  the  suitable  condition  of  solution.  The  sugar  is  not 
necessary  to  the  life  of  the  plant ; it  grows,  although  very 
slowly,  if  sugar  be  omitted  from  the  solution,  obtaining  the 
necessary  carbon  from  the  ammonium  tartrate ; but  sugar  is 
required  for  active  growth  and  to  exhibit  the  power  of  the 
plant  as  an  alcoholic  ferment.  The  ammonium  tartrate  is 
necessary  ; without  it,  unless  protein  is  directly  supplied,  all 
growth  ceases.  The  three  mineral  ingredients — potassium 
phosphate,  calcium  phosphate,  and  magnesium  sulphate — 
give  the  mineral  constituents  found  in  the  ash  of  the  yeast 
plant,  which  always  contains  potash,  lime,  magnesia,  and 
phosphoric  acid,  while  sulphur  is  given  off  in  the  process  of 
burning.  It  is  possible  that  calcium,  potassium,  and  phos- 
porus  play  some  indirect  part  in  assimilation,  since  their 
presence  appears  necessary  to  enable  the  protoplasm  to 
assimilate  nitrogen  and  carbon.  If  either  one  of  them  is 
absent,  although  every  other  constituent  necessary  as  food 
is  present,  the  plant  will  starve.  This  is  true  alike  of  fungi 
and  green  plants. 


CHAPTER  V 


UNICELLULAR  PLANTS  ( continued ) 

BACTERIA 

IF  a drop  of  water  on  a slide  be  stirred  with  a paint-brush 
dipped  in  gamboge,  and  the  drop  be  then  covered  with 
a slip,  and  examined  under  a high  power  of  the  microscope, 
the  exceedingly  minute  particles  of  the  gamboge  become 
visible.  These  minute  particles  are  not  at  rest,  but  cease- 
lessly vibrate  to  and  fro,  each  within  a space  about  two  or 
three  times  the  size  of  the  particle.  Such  “Brownian  move- 
ments ” can  be  observed  in  all  minute  bodies  suspended 
in  a fluid,  and  one  must  distinguish  carefully  between  them 
: and  actual  vital  movement,  in  any  organisms  that  are  small 
enough  to  show  them. 

All  animal  and  vegetable  substances  that  are  rotting  swarm 
with  the  minute  organisms  known  as  Bacteria  or  Microbes. 
A drop  of  milk  or  soup  that  has  “ gone  bad,”  or  a little  of 
the  soft  matter  scraped  from  a decaying  potato  or  from  a 
hyacinth  bulb  in  water  that  has  begun  to  smell  instead  of 
to  sprout,  all  show  under  the  microscope  innumerable  minute 
bodies  just  on  the  border-line  of  invisibility,  and,  like  the 
grains  of  gamboge  which  they  resemble  in  size,  vibrating  to 
1 and  fro.  When  the  eye  becomes  accustomed  to  their  minute- 
ness it  is  seen  that  while  some  merely  vibrate,  others  actually 
» progress  through  the  fluid.  Some  are  round,  others  oblong, 
I straight  or  curved,  thin  or  thick,  and  many  are  arranged  end- 

Eto-end  in  threads  or  spirals.  It  is  perfectly  clear  that  in  such 
cases  there  is  a collection  of  organisms  with  different  shapes 
and  sizes,  with  different  habits  and  movements.  Until  a 
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method  had  been  invented  by  which  the  forms  of  bacteria 
could  be  sorted  out,  and  studied  by  themselves,  no  exact 
information  was  possible.  Now  that  it  has  been  discovered, 
the  best  of  these  methods  seems  very  simple.  A gelatinous 
preparation  in  which  bacteria  will  grow  abundantly,  but 
which  has  been  boiled  to  kill  any  already  in  it,  is  melted,  and 
a drop  of  the  fluid  containing  the  bacteria  is  shaken  up  with 
a small  quantity  of  the  liquid  jelly.  A drop  of  this  is  shaken 
up  with  another  quantity  of  the  jelly,  and  this  process  may 
be  repeated  several  times.  As  bacteria  are  much  smaller  than 
Towo  inch,  a million  might  easily  be  present  in  the  small 
drop  taken.  Suppose  the  quantity  of  jelly  to  be  ioo  times  the 
size  of  the  drop,  a drop  taken  out  of  this  would  contain  about 
10,000  bacteria.  A second  dilution  would  reduce  the  num- 
ber to  1,000,  a third  to  io.  The  jelly  in  a liquid  condition  is 
poured  upon  a glass  plate  and  cooled  in  a very  thin  layer. 
The  ten  bacteria  (in  this  hypothetical  case)  are  fixed  here 
and  there  in  the  jelly.  When  the  plate  is  kept  in  a suitable 
place  the  bacteria  begin  to  multiply,  each  giving  rise  to  a 
colony  like  itself,  and  these  colonies  grow  quite  large  enough 
to  form  patches  visible  to  the  naked  eye.  The  colonies  of 
different  bacteria  can  be  identified  by  their  shapes  and 
colours,  by  their  modes  of  growth  in  different  media  and  so 
forth,  and  “pure  cultivations” — i.e.,  cultivations  containing 
only  one  kind  of  bacterium — may  be  made  by  inoculating 
jellies  from  the  various  colonies  on  the  first  mixed  plate. 
By  such  methods  an  enormous  number  of  different  microbes 
have  been  studied.  They  all  consist  of  a delicate  cell-wall, 
in  most  cases  formed  of  fungus-cellulose,  which  encloses 
protoplasmic  contents.  These  yield  a peculiar  nitrogenous 
body,  devoid  of  sulphur,  phosphorus,  and  oxygen,  and  con- 
sisting of  carbon,  hydrogen,  and  nitrogen.  It  is  called  myco- 
protein.  These  contents  stain  deeply  with  the  kinds  of 
stains  that  colour  the  nuclei  of  larger  cells,  and  no  distinction 
between  protoplasm  and  nucleus  has  been  made  out  in 
them.  Some  microbes  have  at  one  end  or  at  both  a delicate 
vibratile  flagella,  by  the  movements  of  which  they  are  driven 
or  pulled  through  the  water.  These  flagellae,  however,  are 
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not  like  those  in  other  plants  and  animals,  namely,  processes 
of  the  protoplasm,  but  they  appear  to  be  derived  from  the 
cell-wall.  They  are  thus  fundamentally  of  a different  nature 
to  other  flagellae.  Some  bacteria  are  apparently  motionless, 
save  for  “ Brownian  movement.” 

Definite  names  have  been  given  to  some  of  the  most 
common  shapes  in  which  microbes  appear  (Fig.  6).  Thus, 


Fig-  6.  — Forms  of  Bacteria. 
~ Bacilli,  e.  Streptococci. 

1.  Spirillum,  k.  Spirochaete, 


a.  Micrococci. 
f.  Leptothrix. 


b.  Macrococci. 
g.  Cladothrix. 


C.  Bacteria. 
h.  Vibrio 


mmute  round  forms  are  called  Micrococci;  larger  round 
arms,  Macrococci;  oblong  forms  not  twice  as  long  as  they 

1 as  lon°cd  a » Ca"ed  Bacteria  1 obi°ng  forms  more  than  twice 

■ spiralhr  twi  7(a,e  '°ad  are  called  Baoilli ; a flattened, 
1 ‘ y twisted  form  is  called  Spiromonas.  When  food  is 

?endr  Tfions  °f ‘ife 

ease  in  length,  and  by  repeated  division  across  the  long 
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axis  form  jointed  filaments  or  threads.  When  micrococci 
reproduce  in  this  way  they  form  Streptococci.  Unbranched 
threads  are  called  “ Leptothrix.”  Where  occasional  longi- 
tudinal division  occurs  and  so  branches  are  formed,  the 
filaments  are  termed  Cladothrix.  When  the  filaments  are 
short,  with  slight  undulating  curves,  the  name  Yibrio  is 
applied,  while  Spirillum  consists  of  short,  rigid  curves, 
twisted  like  a corkscrew.  Spirochaetes  are  long,  thin  fila- 
ments with  the  individual  curves  short  and  slender. 

There  are  many  other  forms,  and  considerable  doubt  exists 
as  to  how  far  microbes  with  definite  history  and  properties 
can  be  identified  with  individual  shapes. 

When  food  is  scarce  or  the  conditions  of  life  unfavourable, 
reproduction  by  spore  formation  occurs.  The  protoplasm 
becomes  granular,  a small  bright  spot  appears  in  it,  and  this 
spot  increases  in  size  until  it  may  bulge  out  the  wall  of  the 
cell.  Spores  may  be  round,  ovoid,  or  rod-shaped.  They  are 
always  colourless,  but  are  very  bright  when  seen  by  trans- 
mitted light.  They  have  an  exceedingly  thick,  firm  wall,  and 
are  liberated  by  the  decay  of  the  cell  in  which  they  were 
formed.  Occasionally  spores  are  formed  by  fission  ; in  a 
dividing  chain  or  filament  here  or  there  are  formed  large 
spores  called  Arthrospores,  because  of  the  jointed  appear- 
ance given  to  the  filament  in  which  they  appear. 

These  spores  are  the  great  means  by  which  microbes 
survive  unfavourable  conditions,  and  spread  from  place  to 
place,  until,  reaching  a situation  where  moisture,  tempera- 
ture, and  food  are  satisfactory,  they  give  rise  to  the  vegeta- 
tive, rapidly  multiplying  form. 

Innumerable  quantities  of  spores  are  formed  : they  may 
be  blown  about  as  a fine  dust  by  the  air,  or  may  be  carried  by 
currents  of  water.  They  will  remain  undeveloped  for  prac- 
tically an  indefinite  time,  if  no  favourable  conditions  occur. 

Under  ordinary  or  favourable  conditions  bacteria  multiply 
by  fission.  In  this  process  a septum  is  formed  across  the 
cell,  splitting  the  protoplasm  into  two  parts.  Then  division 
and  separation  of  the  cell  into  two  takes  place  through  this 
septum,  and  two  bacteria  are  thus  produced.  These  grow 
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and  repeat  the  process,  and  this  goes  on  so  long  as  external 
conditions  are  favourable.  It  is  an  extremely  rapid  mode  of 
multiplication,  and  several  millions  may  be  derived  from  a 
single  one  in  the  course  of  a short  time. 

In  air,  in  water,  in  drains,  in  the  soil,  in  the  dust,  in 
crevices  between  the  planks  of  floors,  they  are  always  pre- 
sent. They  are  light  enough  to  be  wafted  about  by  currents 
of  air,  but  in  a still  or  windless  place  they  gradually  sink  to 
the  ground.  Thus,  in  the  morning,  when  a room  has  been 
quiet  all  night,  there  are  few  in  the  air  ; after  the  housemaid 
has  disturbed  things  by  sweeping  the  floor,  they  are  to  be 
found  in  abundance.  In  the  air  of  a well-flushed  culvert  few 
are  present  ; when  the  flow  of  water  gets  low  they  reach  the 
air  from  the  diy  crust  deposited  on  the  sides  uncovered  by 
water.  It  should  be  remembered,  however,  that  the  great 
majority  of  bacteria  are  not  only  harmless,  but  play  a neces- 
sary and  beneficent  part  in  Nature. 

Most  microbes  live  on  organic  substances  and  are  unable 
to  build  up  their  protoplasm  out  of  inorganic  materials.  In 
this  respect  they  resemble  yeast  and  differ  from  the  green 
p ants.  Hence  the  vast  majority  of  them  flourish  in  decaying 
organic  matter,  in  the  bodies  of  animals  or  plants,  or  in  the 
soil.  A few,  however,  are  known  to  contain  chlorophyll  and 
o live  like  Protococcus.  Disregarding  these  exceptional  forms 
microbes  can  be  divided  into  two  classes,  those  like  the  yeast 
P ant,  that  can  obtain  the  oxygen  needed  for  all  living  proto- 
plasm  from  chemical  compounds,  and  those  that  require  a 
supply  of  free  oxygen.  The  first  class  are  called  Anaerobic, 

he‘  y T lndePendent  0(  free  oxygen,  the  second,  Aerobic 
because  they  require  it.  The  green  microbes  require  light 

bv  d .^t1'  ei‘her  in  Hght  °r  darI®ess,  but  are  killed 

by  direct  exposure  to  sunlight.  The  conditions  of  heat  are 

very  litthTunde^f  * ..Actual,subiection  o£  protoplasm  to  a heat 
some  mg-point  certainly  kills  all  microbes  ; but 

well  t™  bes’  ;md  the  sP°res  of  most,  can  resist  heat  so 

peratures  aho”  a coaslderabIy  Prolonged  exposure  to  tem- 
cases  ho  above  boiling-point  does  not  kill  them.  In  such 
’ llowever,  it  is  probable  that  the  wall  of  the  microbe 


or 
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the  spore  prevents  the  protoplasm  within  it  from  actually 
reaching  a high  temperature.  Freezing  arrests  the  growth 
of  all  microbes,  but  even  continued  exposure  to  such  a tem- 
perature does  not  kill  them.  Thus  ice  made  from  water 
containing  microbes  contains  them  in  a condition  only  of 
arrested  vitality  ; when  the  ice  melts,  the  suspended  organ- 
isms begin  to  multiply.  Generally  speaking,  microbes  flourish 
best  at  a temperature  between  30°  and  40°  C.,  but  the  most 
favourable  temperature  is  different  for  different  forms. 

Microbes  are  associated  with  many  of  the  processes  of 
everyday  life.  The  most  obvious,  and  perhaps  the  most 
important,  is  their  association  with  putrefaction.  If  an 
organic  substance — for  instance,  soup — be  boiled  for  some 
time  and  exposed  to  the  air,  it  slowly  begins  to  putrefy. 
A scum  forms  on  the  top,  and  this  can  be  seen  to  consist 
of  many  microbes  embedded  in  a layer  of  jelly  (zoogloea). 
The  liquor  becomes  turbid  and  gives  off  an  evil  smell  : 
examination  of  it  shows  that  microbes  abound.  After  a 
certain  length  of  time  it  becomes  clear  again : green  organ- 
isms appear  in  it  and  putrescence  has  ceased.  On  a large 
scale  this  process  goes  on  everywhere  in  the  world.  Mi- 
crobes serve  to  break  down  organic  matter  into  inorganic; 
to  clean  up  the  debris  of  the  organic  world,  and  so  to  prepare 
the  way  for  fresh  cycles  of  life.  On  the  other  hand,  if  some 
of  the  boiling  soup  be  placed  in  a vessel  that  has  been 
itself  boiled,  and  so  freed  from  microbes,  and  if  the  mouth 
of  the  vessel  be  plugged  with  cotton  wool  (previously  baked 
for  some  time  to  kill  microbes),  no  putrefaction  will  occur, 
and  no  bacteria  will  be  found  in  the  fluid.  Putrefaction 
occurs  only  when  microbes  get  access  to  the  substance  ; if 
any  air  that  may  reach  the  substance  be  filtered  through 
cotton  wool,  the  spores  of  microbes  present  in  the  air  are 
kept  behind,  entangled  in  the  meshes  of  the  wool.  But  so 
omnipresent  are  spores,  that  the  slightest  fleck  of  dirt,  the 
use  of  a dirty  instrument,  or  exposure  to  the  air  in  the  act  of 
pouring  out  the  hot  liquor,  may  allow  the  entrance  of  spores 
or  microbes  and  cause  putrefaction. 

Microbes  are  associated  with  many  kinds  of  fermentation. 
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Thus,  some,  like  yeast,  cause  alcoholic  fermentation  ; others 
turn  milk  sour  by  causing  the  formation  of  lactic  acid ; others 
cause  the  formation  of  acetic  acid  from  alcohol — i.e.,  “ sour” 
wine  by  turning  it  into  vinegar.  Many  that  live  in  the  soil 
perform  useful  functions.  Thus  one  microbe  aids  the  trans- 
formation of  ammonia  into  nitrous  acid  : another  turns  nitrites 
into  nitrates  ; and  thus  these  two  prepare  necessary  food  for 
plants  by  turning  ammonia,  which  the  roots  of  plants  do  not 
absorb,  into  nitrates,  which  they  do  absorb.  Another  set  of 
microbes  live  in  little  colonies  on  the  roots  of  some  forest 
trees  and  of  common  pod-bearing  plants  like  peas  and  beans 
and  vetches.  Such  plants,  by  the  aid  of  the  colonies  of 
bacteria,  are  able  to  make  direct  use  of  free  nitrogen,  where- 
as most  plants  cannot  make  use  of  it.  Thus,  in  what  farmers 
call  green  manuring,  if  a green  crop  of  wheat  or  oats  be 
ploughed  into  the  soil,  the  decay  of  the  plants  adds  no 
nitrogenous  richness  to  the  soil,  for  all  the  nitrogen  in  these 
plants  has  been  taken  by  them  from  the  soil.  On  the  other 
hand,  if  a crop  of  green  vetches  or  of  beans  be  ploughed  in, 
the  soil  is  enriched  in  nitrogenous  compounds,  for  beans  and 
vetches,  by  the  aid  of  the  bacteria  on  their  roots,  have  made 
use  of  the  free  nitrogen  of  the  air. 

Some  microbes  are  the  cause  of  disease  in  man  and 
animals.  In  certain  cases  the  multiplication  of  the  parti- 
cular microbe  within  the  body  causes  mechanical  injuries  ; 
capillaries  may  be  blocked  up,  cells  and  tissues  may  be 
broken  down.  In  others,  the  microbes  form  some  kind  of 
poison  which,  carried  through  the  body  by  the  blood,  arrests 
or  disorders  functions  by  action  on  the  nervous  system.  It 
has  been  noticed  that  the  poisons  set  free  by  such  microbes, 
or  anti-bodies  excited  in  the  blood  by  the  presence  of  these 
poisons,  are  fatal  to  the  microbes  themselves,  or  may  neu- 
! tfalise  their  poisonous  products,  and,  if  death  of  the  body 
affected  does  not  occur  in  the  interval,  diseases  due  to 
microbe  poisoning  may  run  their  course  and  then  cease  by 
the  actual  poisoning  of  the  microbes  themselves.  An  animal 
that  has  survived  an  attack  of  this  kind  is  frequently  immune 
to  further  attacks,  and  from  this  starting-point  many  attempts 
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at  preventive  inoculation  have  been  made.  It  has  been 
found  that  if  disease-producing  microbes  are  cultivated  for 
several  generations  in  special  substances,  they  are  altered 
so  that  the  microbes  themselves  or  the  poisons  they  give 
out,  when  introduced  into  the  body  of  an  animal,  cause  a 
change  in  the  animal  body  not  nearly  so  disturbing  and 
dangerous  as  the  changes  produced  by  the  uncultivated 
microbe,  but  yet  equally  efficacious  in  preventing  subsequent 
attacks  of  the  uncultivated  microbe.  Among  the  leading 
diseases  associated  with  or  caused  by  microbes  are  tubercle, 
tetanus,  anthrax,  plague,  diphtheria,  cholera,  typhoid.  But 
the  relation  between  microbes  and  diseases  is  now  in  itself 
a great  branch  of  science,  and  continual  additions  to  the  list 
of  cases  are  being  made. 

On  the  other  hand,  many  microbes  normally  present  in 
the  body  are  harmless  or  useful.  A large  number  present 
in  the  alimentary  canal  aid  the  process  of  digestion,  while 
others  are  harmless  parasites. 


CHAPTER  VI 

Unicellular  plants  ( continued ) 

GREEN  PLANTS 
Protococcus  1 

THE  bark  of  trees  and  the  surfaces  of  palings  are  fre- 
quently covered  by  a green  layer,  which  comes  off  as  a 
green  powder  if  the  finger  or  sleeve  of  one’s  coat  be  rubbed 
against  it.  Shake  a very  small  quantity  of  this  green  powder 
on  a glass  slide  ; cover  with  a drop  of  water  and  a glass  cover- 
Hip,  and  examine  under  a higher  power  of  the  microscope. 
The  powder  will  appear  as  a number  of  cells  with  green- 
coloured  contents,  occurring  sometimes  solitarily,  but  more 
otten  m groups  of  two,  four,  or  more  (Fig.  7,  a and  b).  This 
occurrence  in  groups  is  due  to  division  ; the  plant  has  been 
feeding  and  growing  actively,  and  division  of  a cell  into  two 

SS,  CaC?f0f  th?,tW°  mt°  another  tw°,is  in  active  progress! 
The  daughter  cells  gradually  become  rounded  and  separate 

b“"  both  *°  «sti„g  and  ,o  ,h. 

Pleurococcus  Yulgaris. 

Synonyms — Protococcus  vulgaris. 

Protococcus  communis. 

, Hamatococcus  vulgaris . 

&c-  V ont.the,  ^rk  of  trees,  old  palings, 

ciliated,  and  both  red  and  green  colour  mav  nr  the.  la“er>  when  ln  water,  is 
or  aggregated.  g ay  occur  ln  the  same  plant,  streaked 
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from  each  other,  and  various  stages  in  this  process  may  be 
observed.  Select  a single  large  cell  for  special  examination. 
The  cell  is  surrounded  by  a definite  transparent  cell-wall 
sufficiently  thick  to  show  a double  contour.  The  green  con- 
tents of  the  cell  are  not  perfectly  uniform,  but  the  green 
colouring  matter  (chlorophyll)  is  confined  to  a number  of 
small,  irregular  bodies,  named  chromatophores  or  chloro- 
plastids.  These  are  tightly  packed  together,  and  fill  up  the 
greater  part  of  the  cell  ; but  here  and  there,  especially  in  the 
centre  and  round  the  circumference,  the  clear  transparent 
cell-protoplasm,  in  which  they  are  embedded,  may  be  ob- 
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until  small  green  cells,  actively  moving  about,  are  observed. 
In  these  the  cell-wall  is  thinner,  and  the  chloroplastids,  com- 
pared with  the  colourless  protoplasm,  have  a smaller  bulk 
than  in  the  resting  phase.  The  cells  are  slightly  elongate, 
and  move  with  the  narrow  end  forwards.  At  this  end  a&pair 
of  delicate  processes,  nearly  invisible  until  the  cell  has  been 
killed  and  stained  by  iodine,  protrude  from  the  protoplasm 
through  the  cell-wall.  They  are  termed  cilia,  and  it  is  by 
their  rapid  twisting  vibrations  that  the  cell  is  screwed  or 
pulled  through  the  water. 

In  the  mud  from  a rain-gutter,  or  in  the  semi-liquid  scum 
from  a rain-water  tank  exposed  to  air,  a similar  plant,  also 
commonly  called  Protococcus , is  abundant.  Some  of  this  mud 

droSm  nfl°Und  miX6d  With  a SmaI1  quantity  of  water,  and 
chops  of  the  fluid  examined  in  the  same  manner  as  the  green 

present  the”  "*  T Am0"«  the  smal1  organisms 

P ent  there  may  be  a number  of  isolated  round  cells 

wainFil  T?  °Trhred’  a"d  possessinS  a thick  cellulose  cell-’ 

, ‘1  F g'  7 } he  conlents  cons'st  of  protoplasm,  chroma- 
tophores,  and  a nucleus.  These  cells  are  the  resting  stages 
o Protococcus  The  colour  of  the  chromatophores  ufuallvls 

green'str^ed^wltl^red^^he^red  col  “ "T'"  red’  °r 

called  hamatochrome;'  but  apparem ly  the' use Jig* 

ment,  whether  red  as  hasmatochrome  or  green  as  chloro nhT 
IS  identical.  Embedded  in  th#>  -h  + b s chlor°phyll, 

a thin  layer  of  starch  and  ‘ ,?r°tem  substance,  covered  by 
ui  starcn,  and  are  called  nvrpnmdo  tl  J 

occur  in  the  green  nhnf  nKt  • i r "yrenoitls<  bbey  do  not 

Occasionin  g P °btamed  from  the  bark  of  trees. 

seen  to  be  dividing  w£f the  cell- wall  “i"1 f be 

move  actively  about  Br  emerge  as  tiny  elongate  cells,  which 

hot  seen  in  fhe  wat-  e / 6 actual  P^ess  of  division  be 

d the  Wate"  oootammg  the  resting  forms,  resulting 
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motile  forms  are  certain  to  be  noticed  (Fig.  7,  d).  These 
move  steadily  through  the  water,  with  one  end  directed 
forwards.  In  the  active  condition,  the  chief  difference  from 
the  resting  condition  appears  to  be  that  the  cell-wall  is 
very  thin,  and  is  some  distance  from  the  coloured  contents. 
Sometimes  this  wall  is  not  acquired  until  after  the  liberation 
of  the  motile  cells.  The  division  of  the  parent  cell  into  four 
is  not  always  constant.  It  may  divide  into  eight.  The 
resulting  daughter  cells  are  then  smaller,  and  at  first  are 
always  naked  and  have  no  cell-wall.  Protococcus  is  thus 
dimorphic  in  its  reproductive  cells,  having  a larger  macro- 
zooid  form  and  a smaller  microzooid.  These  motile  forms 
may  pass  into  the  resting  stage.  Their  formation  enables 
the  plant  to  multiply  and  spread  itself.  It  is  a method  of 
asexual  reproduction.  If  a drop  of  solution  of  iodine  be 
added  to  the  water,  movement  becomes  slower  and  finally 
ceases.  The  cause  of  the  movement  can  be  seen  in  two 
long  thin  colourless  threads,  each  larger  than  the  length 
of  the  cell.  These  “flagellseT  or  “cilia,”  project  from 
the  cell  contents  at  one  end,  cross  the  interval  between 
the  cell  contents  and  the  cell-wall,  and  project  through 
that,  and  by  their  waving  vibrations  pull  the  zoospores 

through  the  water. 

However  long  Protococcus , in  any  of  its  forms,  be  watched, 
it  is  never  seen  to  take  in  or  to  pass  out  any  solid  particles. 
The  firm  structure  of  the  cell-wall  would  render  this 
impossible.  It  must  live  on  substances  either  in  a state  of 
solution  in  water  or  in  a gaseous  condition.  Either  directly 
from  the  air  or  from  the  rain-water,  in  which  a certain 
quantity  of  air  is  always  dissolved,  Protococcus  has  access- 
to  oxygen,  carbonic  acid,  and  nitrogen.  The  rain-water  in: 
which  the  motile  phases  live,  or  the  damp  situations  where 
resting  phases  occur,  contain  nitrates,  ammonia,  frequently 
common  salt,  and  small  quantities  of  sulphates  and  phos- 
phates—chiefly  of  lime.  Thus  all  the  materials  for  protoplasm! 
are  present;  and  as  Protococcus  grows  and  multiplies  it  has- 
the  power  of  building  up  protoplasm  from  them.  When  al 
quantity  of  Protococcus  is  exposed  to  sunlight  in,  for  instance, 
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a very  slender  test-tube  filled  with  water  and  inverted  in  a 
saucer  of  water,  bubbles  of  gas  are  given  off ; and  when 
a sufficient  quantity  has  been  collected,  the  gas  may  be 
proved  to  be  oxygen.  This  oxygen  comes  from  the  carbon 
dioxide  of  the  air,  which,  after  entry  into  the  plant  in  a state 
of  solution,  is  decomposed  by  the  chlorophyll  in  the  presence 
of  sunlight,  the  plant  retaining  CO,  and  giving  off  O The 
stages  in  the  combination  of  the  carbon  into  proteins  and 
piotoplasm  are  largely  matters  of  theory.  Many  simple 
compounds  of  carbon,  hydrogen,  nitrogen,  and'  oxygen 
occur  m plants,  and  these  may  be  stages  in  he  elaboration 

° 0pwrsolop,tT  r protopiasm  * f°™d.  £ 

g OWS.  It  is  not  even  certain  where  the  nitrogen  comes 
rom.  n the  majority  of  green  plants  the  nitrogen  of  the 

™ “f  of  directly,  but  is  obtained Tnly  from 
alts  chiefly  nitrates,  present  in  water  or  in  the  snil  Q 

and"1  with  7^/ 

them.  1C  aK  ° commensa’  organisms  associated  with 

abLbedlrom  s^i  «»t  energy, 

is  liberated  for  the  vital  processes  ofihe  plif 

substances  L^dtjm  * fl  ^ 

structure.  Some  of  theCe  “ With  a 1-pl« 

cell-wall  is  very  indestructible,  Cnd  protects  Che  “j'r'T 

^Tstert  STU  lity  T,: 

is  formed.  When  the  plant  ^ Centres  in  which  starch 

to  decomposrcarbonifac  I""  7 ^ ^ ble 

higher  plLts-starch  fn  ’ ™ in  the  case  of 

darkness.  There  are  also*6  -fln  Sunllght»  disappears  in 

formed  by  protoplasm  and  th  1 0gen'C°ntaining  substances 

harmful  7 rCtteCf  wiihj^it  WhC  ^ t0  be 

exists,  it  serves  for  their  removal  tea  state  tes®,  T™'* 
water.  In  other  state  ot  solution  in 

lre  stored  up  „ °Ut  thr°Ugh  fhe  ceH'wal],  or 

Without  attempting  to  go  into  obscure  and  disputed 
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details,  one  may  lay  clown  that  oxygen  is  used  in  these 
changes  of  protoplasm,  and  that  more  oxygen  is  combined 
with  the  substances  formed  by  protoplasm  than  with  the 
substances  of  which  protoplasm  consists.  In  other  words, 
the  processes  of  life  take  place  by  an  oxidization  of  proto- 
plasm. The  oxidized  substances  are  the  metaphorical  ashes 
of  the  furnace  ; some  of  them,  because  they  choke  the  fire, 
must  be  removed  ; some  may  be  turned  to  account,  as,  for 
instance,  to  strengthen  the  walls  of  the  furnace  ; others — 
those  which  are  not  completely  burnt  up — may  be  stored  to 
use  when  fuel  is  difficult  to  obtain.  The  removal  of  purely 
waste  substances  from  protoplasm  is  called  “ excretion  ” ; the 
formation  of  useful  substances  is  called  “ secretion  ” ; but 
these  two  grade  into  each  other,  and  probably  all  secretions 
were  at  first  excretions.  Among  the  chief  excretions 
of  protoplasm  are  water  and  carbonic  acid.  In  the  case  of 
green  plants,  the  protoplasmic  excretion  of  carbonic  acid  and 
absorption  of  oxygen  during  sunlight  is  disguised  by  the 
greater  converse  activity  of  chlorophyll — using  up  carbonic 
acid  and  discharging  oxygen. 


CHAPTER  VII 


SIMPLE  MULTICELLULAR  PLANTS 
Spirogyra 

MANY  other  green  plants  live  under  conditions  similar 
to  those  of  Protococcus.  In  summer,  ponds  and  lakes 
and  fresh-water  streams  gradually  become  fuller  of  them. 
In  fresh  water  which  is  moderately  clear,  among  the  floating 
green  weeds  one  may  pick  up  handfuls  of  delicate  green 
threads,  which  feel  silky  and  slippery.  Among  these  green 
threads  it  is  easy  to  pick  out  with  the  microscope  the  plant 
known  as  Spirogyra.  For  that  plant  has  the  chloroplastids, 
to  which  the  colour  is  due,  in  the  form  of  spiral  bands  wound 
round  and  round  within  the  colourless  thread.  The  thread 
i consists  of  a number  of  cylindrical  cells  of  different  lengths, 
arranged  end  to  end  (Fig.  8,  a and  b ).  The  plant  is  therefore 
not  unicellular,  but  multicellular.  It  differs,  however,  from 
the  higher  and  more  complex  multicellular  plants,  or 
Metaphyta,  as  they  may  be  called,  because  its  cells  are 
arranged  in  one  direction  in  space,  instead  of  two  or  three. 
The  plant  body  is  thus  not  layered  or  massive,  but  is 
filamentous.  The  threads  never  branch,  and  the  diameter 
| is  constant  along  the  thread.  Except  for  difference  in  the 
length  of  the  cells,  the  thread,  whether  long  or  short,  has 
i the  same  appearance  throughout  its  length.  The  threads  are 
>;  unattached  and  motionless,  forming  floating  masses  in  water. 

The  cell-walls  are  of  cellulose  and  are  colourless  and  trans- 
' parent,  and  a common  wall  separates  cells  lying  next  each 
f other  in  the  threads. 

The  spiral  bands  vary  in  number,  and  in  the  tightness  of 
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the  coils,  in  different  species.  Some  species  have  two  bands, 
twisting  in  opposite  directions.  They  are  similar  in  nature  to 
the  green  masses  in  Protococcus  and  like  them  are  chromato- 
phores  or  chloroplastids — masses  of  protoplasm  impreg- 
nated by  chlorophyll.  Embedded  in  the  chloroplastids  are  a 
varying  number  of  clear  bodies  like  crystals,  consisting  of  a 
central  protein  substance  covered  by  a layer  of  small  starch 


Fig.  8. — Spirogyra.  a.  Part  of  a filament  highly  magnified  showing  a 
single  cell  with  the  ends  of  adjoining  cells.  The  cell-wall  is  lined  by  a thin 
colourless  layer  of  protoplasm  from  which  threads  run  to  the  protoplasm  sur- 
rounding the  nucleus  and  to  the  chromatophore,  which  is  a green  band  wound 
round  the  interior  of  the  cell  and  containing  pyrenoids. 

b,  c,  d,  e.  Stages  in  conjugation,  b.  Adjoining  filaments  with  hollow  pro- 
cesses of  cell-wall  growing  out  from  opposite  cells. , c,  d,  e.  Two  cells  in  which 
the  chromatophores  have  broken  up  and  the  protoplasm  has  aggregated  into 
lumps  ; at  c and  d the  protoplasm  of  one  cell  is  passing  into  that  of  the  other ; 
at  e the  protoplasm  of  both  cells  has  fused  to  form  a spore  in  one  of  them, 
which  has  become  surrounded  by  its  own  cell-wall. 

grains.  The  central  body  is  a pyrenoid.  In  cells  where  the 
green  coils  are  loosely  arranged  so  that  they  do  not  obscure 
the  rest  of  the  cell,  streaming  threads  of  granular  proto- 
plasm may  be  seen,  as  in  Tradescantia , passing  from  a central 
body  of  protoplasm  containing  a nucleus  to  a thin  layer 
lining  the  cell-walls.  Other  streaming  threads  pass  from  the 
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nucleus  to  the  chromatophores.  Treatment  with  re-agents  is 
necessary  to  complete  the  examination.  If  solution  of  iodine 
be  run  into  the  water  under  the  cover-slip,  the  starch  grains 
surrounding  the  pyrenoids  are  stained  blue  ; the  protoplasmic 
threads  and  the  nucleus  become  tinged  with  brown.  Iodine 
and  sulphuric  acid,  by  tinging  the  cell-wall  blue,  and  chlor- 
zinc-iodine  by  staining  it  purple,  show  that,  as  in  Protococcus 
and  in  most  vegetable  cells,  it  is  composed  of  cellulose. 

Very  often  the  protoplasm  lining  the  cell-wall  is  invisible, 
while  the  cell  is  alive.  If  a io  per  cent,  solution  of  common 
salt  be  run  under  the  cover-slip,  water  is  extracted  by  osmosis 
from  the  cell  contents,  and  the  protoplasm  shrinks,  leaving 
a clear  space  between  itself  and  the  cell-wall.  A cell  in  this 
condition  is  said  to  be  plasmolytic. 

Protoplasm  is  so  colourless  that  it  is  not  seen  readily  under 
the  microscope.  It  contains  many  substances  which  are 
different  in  their  functions  and  chemical  and  physical  pro- 
perties, but  which,  at  least  in  the  living  cell,  cannot  be 
distinguished.  For  these  reasons,  elaborate  methods  of 
staining  are  required  for  microscopical  investigation.  The 
methods  are  complicated  and  very  numerous,  but  they 
depend  on  the  fact  that  the  different  substances,  however 
alike  in  appearance,  have  physical  or  chemical  differences 
which  cause  a difference  in  the  kind  or  amount  of  colouring 
which  is  absorbed  from  stains.  A great  part  of  microscopical 
work  consists  in  the  careful  selection  and  application  of 
stains,  to  pick  out  the  slightest  differences  in  the  protoplasm. 
But  simple  methods  will  show  much.  If  some  Spirogyra  be 
placed  for  twelve  hours  in  a saturated  solution  of  picric 
acid,  the  protoplasm  is  killed  and  hardened  (“fixed  ” is  the 
technical  term),  and  the  chlorophyll  is  dissolved  out.  The 
threads,  or  small  pieces  of  them,  should  then  be  washed 
thoroughly  in  distilled  water  to  remove  the  acid,  which  has 
done  its  work.  The  threads  will  now  readily  be  coloured  red 
by  a solution  of  borax  carmine.  When  they  have  been  soaked 
or  nearly  an  hour  in  this,  they  should  be  placed  for  a few 
seconds  in  alcohol  slightly  acidified  by  hydrochloric  acid.1 

1 Two  to  four  drops  of  add  to  every  ioo  c.c.  of  70  per  cent,  spirit. 
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The  acid-alcohol  appears  to  dissolve  out  the  greater  part  of 
the  stain,  but  it  has  a stronger  action  upon  some  parts  of  the 
protoplasm  than  upon  others.  The  acid-alcohol  must  be 
washed  out  with  neutral  alcohol  and  pieces  of  the  stained 
plant  may  be  examined  on  a slide  in  a drop  of  glycerine, 
covered  by  a slip.  It  is  more  satisfactory  to  substitute  some 
better  mounting  medium  than  glycerine.  To  do  this,  omit 
the  glycerine  stage  and  place  a small  piece  of  the  thread  in 
70  per  cent,  alcohol  on  a slide  ; soak  up  most  of  the  alcohol 
with  the  edge  of  a piece  of  blotting  paper ; replace  it  by 
stronger  (85  per  cent.)  alcohol ; and  after  a few  minutes’ 
soaking  replace  by  absolute  alcohol  : after  a similar  interval 
replace  by  oil  of  cloves  or  chloroform  : and  finally  replace 
by  canada-balsam  dissolved  in  benzine  or  chloroform.  A 
cover-slip  having  been  placed  on  the  balsam  while  it  is  still 
liquid,  the  benzine  or  chloroform  slowly  evaporates  and  a 
permanent  transparent  preparation  has  been  made.1 

In  such  a preparation  the  protoplasm  is  tinged  pink.  It 
can  be  seen  to  consist  of  a layer  lining  the  cell-wall  and 
connected  by  strands  with  a central  mass  of  protoplasm. 
This  again  is  connected  by  strands  with  the  spiral  proto- 
plasmic bands,  which,  impregnated  during  life  with  chloro- 
phyll, composed  the  chromatophores.  The  protein  part  of 
the  pyrenoids  is  stained  darker  red,  and  the  nucleus  also  is 
stained  more  darkly  than  the  rest  of  the  protoplasm.  In  a 
young  cell  the  protoplasmic  layers  and  strands  are  larger 
relatively  to  the  size  of  the  cell,  than  in  an  older  cell.  The 
cell,  in  fact,  seems  to  be  filled  with  protoplasm  in  which  there 
are  irregularly  placed  cavities.  In  the  living  condition  the 
cavities  are  filled  with  cell-sap,  a watery  solution  containing 
sugar  and  various  soluble  bodies.  As  the  cell  grows  older 
the  cavities  or  vacuoles  increase  in  size,  and  the  strands  and 
outer  layer  become  thinner  and  thinner  until  the  adult 
condition  is  reached.  In  that  condition  the  thin  layer  of 
protoplasm  lining  the  wall  is  called  the  primordial  utricle. 

1 The  balsam  will  set  more  rapidly,  in  a day  or  two,  if  the  slide  is 
placed  in  a water  oven  at  5o°-6o°  C. ; otherwise,  several  months 
may  be  needed. 
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In  the  stained  specimen  it  may  be  seen  that  the  nucleus  is 
a biconcave  disc  so  placed  that  the  faces  of  the  disc  are 
parallel  with  the  ends  of  the  cell.  The  shape  of  the  nucleus 
varies  in  the  cells  of  different  plants  or  animals,  in  different 
kinds  of  cells  in  the  same  organism,  and  even  in  the  same 
cells  at  different  times.  Within  the  nucleus,  extremely  minute 
darkly  stained  particles  are  visible.  The  presence  within  the 
nucleus  of  a substance  which  stains  more  deeply  than  the 
protoplasm  is  invariable  in  plants  and  animals,  and  this 
substance  from  its  greater  capacity  for  absorbing  stains  is 
named  chromatin.  The  chromatin  may  be  arranged  as  a 
coiled  band,  in  nodules,  or  in  particles  so  fine  as  to  elude 
observation.  In  addition  to  the  chromatin,  a larger  body  not 
staining  so  intensely  is  also  present.  This  is  called  the 
nucleolus.  During  the  division  of  cells,  definite  and  striking 
changes  occur  in  the  arrangement  of  the  chromatin,  and  there 
is  strong  reason  for  believing  that  this  substance  is  the  seat 
of  many  important  properties  of  cells,  and  especially  those 
properties  that  give  cells  their  individual  features.  If,  for 
instance,  the  chromatin  of  two  kinds  of  Spirogyra  could  be 
interchanged,  it  is  very  probable  that  those  differences  by 
which  we  distinguish  the  kinds  of  Spirogyra  would  also  be 
interchanged.  As  we  shall  see  later,  the  chromatin  is  con- 
cerned specially  in  sexual  reproduction,  in  which  process 
cells  from  two  parents  combine  to  form  a new  individual. 

By  day,  Spirogvra  like  Protococcus  rapidly  assimilates  food, 
and  at  night,  if  the  temperature  is  not  too  low  for  vital 
processes  to  go  on  actively,  the  starch  grains  formed  by  day 
disappear,  and  an  exceedingly  active  growth  of  protoplasm 
takes  place.  When  cells  have  reached  their  maximum  limit 
of  size  they  divide.  By  artificially  keeping  the  temperature 
ow  at  night,  this  change  may  be  retarded  until  morning, 
and  may  thus  conveniently  be  studied.  First,  the  nucleus 
divides,  going  through  a complicated  process  known  as  Ivaryo- 
kinesis  (see  Chapter  XXVII),  and  the  two  daughter  nuclei 
withdraw  from  each  other  towards  opposite  ends  of  the  cell. 
Ihen  the  protoplasm  of  the  cell,  with  the  chloroplastids, 
divides  in  two,  and  in  the  middle  of  the  cell  a new  cell-wall 
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gradually  grows  in  all  round  the  cylinder,  finally  completing 
itself  at  the  centre  and  separating  the  two  halves  of  the 
protoplasm  and  the  two  daughter  nuclei,  so  that  there  are 
two  cells  in  place  of  the  original  cell.  In  the  nuclear  division 
the  chromatin  so  behaves  and  distributes  itself,  that  a very 
fair  division  takes  place  between  the  two  cells,  and  no 
distinction  can  be  drawn  between  them.  Both  carry  the 
same  kind  of  chromatin  contents,  and  on  the  assumption 
that  it  is  this  substance  which  transmits  and  carries  the 
characters  of  a cell,  both  cells  resulting  from  the  division 
must  be  regarded  as  identical.  And,  indeed,  as  far  as  we 
can  judge,  they  are  identical. 

All  the  cells  in  the  thread  are  capable  of  division,  and 
so  the  thread  may  become  very  long.  But,  however  many 
cells  it  may  contain,  the  cells  remain  alike.  The  growth  of 
all  animals  and  plants  which  consist  of  more  than  one  cell 
takes  place  by  cell  multiplication.  In  adult  tissues  the 
multiplication  for  the  most  part  is,  as  in  Spirogyra,  a 
division  into  daughter  cells  exactly  like  the  dividing  cell. 

Cell-growth  and  cell-diYision  in  Spirogyra , then,  take 
place  when  conditions  are  favourable  ; when  daylight  is 
long  and  the  assimilation  of  food  rapid,  and  when  the 
nights  are  not  too  cold,  the  ponds  and  lakes  rapidly 
fill  with  the  green  weed.  But  when  the  heat  is  too  great 
so  that  the  water  is  evaporating,  or  when  food  is  insufficient, 
in  fact,  when  conditions  are  unfavourable,  another  process 
takes  place.  In  a mass  of  Spirogyra , under  such  unfavourable 
conditions,  one  may  feel  that  some  of  the  threads  are  tangled 
and  gritty.  Under  the  microscope  it  may  be  seen  that 
here  and  there,  in  the  tangled  mass,  connections  between 
the  cells  in  different  threads  exist.  A little  search  reveals 
various  stages  in  the  formation  and  result  of  these  connections 
(Fig.  8,  b,  c,  d,  e).  In  threads  lying  parallel  to  each  other, 
opposite  cells  send  out  blunt  rounded  processes  of  protoplasm 
covered  by  the  cell-wall  towards  each  other  (Fig.  8,  b).  The 
whole  of  the  protoplasm  in  each  cell  shrinks  from  the  cell- 
wall  and  becomes  rounded  (Fig.  8,  c).  The  two  processes 
meet,  the  piece  of  cell-wall  between  them  disappears,  and 
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the  protoplasm  from  the  cell  that  becomes  round  more 
rapidly  leaves  its  own  cell,  creeps  down  the  connecting-tube 
and  fuses  with  the  protoplasm  of  the  other  cell.  The  nuclei 
and  the  protoplasms  completely  fuse.  The  new  mass  of 
protoplasm  remains  rounded  ; a very  thick  stratified  cell-wall 
forms,  and  the  resulting  body  is  a resting  zygote  or  zygospore. 
The  wall  is  composed  of  three  layers,  of  which  the  inner  can 
resist  water.  The  starch  in  the  protoplasm  is  absorbed,  and 
oil  globules  slowly  appear  in  the  protoplasm.  It  can  resist 
the  action  of  untoward  influences  much  longer  than  the  cells 
of  the  plant.  The  thick  wall  protects  it  against  drought  or 
cold,  and  it  is  this  form  that  survives  through  Winter.  In 
Spring,  or  in  favourable  conditions,  the  outer  coats  rupture, 
and  the  protoplasm,  protected  by  the  inner  layer,  grows  into 
a Spirogyra  thread  of  the  ordinary  vegetative  kind.  Thus  a 
new  individual  arises  and  another  generation  comes  into 
being. 

This  union  of  the  protoplasm  of  two  cells  under  unfavour- 
able conditions  is  called  conjugation,  and  it  is  a process  of 
frequent  occurrence  among  unicellular  plants  and  animals. 
At  first  sight  the  utility  of  the  process  seems  to  consist  in  the 
union  of  the  forces  of  the  two  cells,  to  resist  the  drought  or 
cold,  or  starvation  period.  But  another  consequence  of  far- 
leaching  importance  follows.  The  resting- spore,  or  cell 
resulting  ftom  the  union  of  the  two  cells  of  these  separate 
individuals,  unites  the  slightly  varying  qualities  of  the  two. 
If  there  were  a method  of  rejecting  or  rendering  latent  the 
worse  half  of  each  and  expressing  in  the  new  individual  the 
better  qualities  of  the  two  it  would  result  that  the  new  indi- 
vidual would  be  an  improvement  on  either  of  its  predecessors. 

01  in  Nature  no  two  individuals,  even  of  the  same  species, 
are  identical.  There  is  some  reason  to  suppose  that  in 
some  cases  at  least  this  happens.  It  is,  however,  a well- 
ascertained  fact  that  before  the  nuclei  of  the  conjugating 
cells  fuse,  a part  of  the  chromatin  of  each  nucleus  is  turned 
out,  and  only  the  remainders  actually  fuse.  In  the  forma- 
tion of  a new  individual  by  this  sexual  process  of  reproduction, 
it  is  clearly  possible  that  new  combinations  of  hereditary 
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characters  can  thus  take  place.  Something  is  lost  from  one 
cell,  and  something  else  from  another,  and  the  new  individual, 
while  yet  carrying  all  the  specific  characters,  differs  from 
both  parents  in  its  particular  combination  of  individual 
characteristics.  It  is  difficult,  of  course,  to  appreciate  this  in 
a simple  plant  like  Spirogyra , where  individual  differences 
are  subtle  and  inappreciable.  But  to  think  the  problem  over 
in  this  species  helps  us  to  understand  the  problem  in  more 
individualized  forms,  such,  for  instance,  as  Man.  If,  as  is 
probably  true,  the  chromatin  is  the  bearer  or  carrier  of  the 
chief  tendencies  or  characters  of  the  cell,  it  is  clear  that  the 
nucleus  of  the  new  cell  contains  tendencies  coming  from  both 
conjugating  cells.  Among  the  multitude  of  threads  growing 
out  from  resting  spores  formed  by  conjugation,  even  if  the 
parts  of  chromatin  selected  and  rejected  were  selected  and 
rejected  by  chance,  a very  large  number  of  different  com- 
binations would  result.  In  the  subsequent  struggle  for  life, 
where  the  struggle  is  so  finely  drawn  that  the  slightest 
advantage  or  disadvantage  determines  the  elimination  or 
survival  of  an  organism,  the  most  suitable  combinations 
would  succeed  best  ; the  least  suitable  would  perish  soonest. 
And  so  conjugation  may  be  a method  of  securing  individual 
variation,  and  by  natural  selection  operating  among  the 
varying  forms  it  may  lead  to  the  persistence  of  improved  or 
altered  forms  of  organisms.  In  that  way,  new  species  may 
arise. 

There  is  yet  another  feature  of  interest  connected  with 
conjugation.  In  many  cases  the  conjugating  cells  are 
absolutely  alike.  In  Spirogyra , however,  the  protoplasm  of 
one  cell  remains  stationary  within  the  cell-wall  ; the  proto- 
plasm of  the  other  cell,  leaving  its  own  wall,  bodily  migrates 
into  the  first  cell.  In  some  plants  and  in  many  animals,  the 
migrating-cell,  instead  of  merely  passing  down  a short  tube 
from  cell  to  cell,  wanders  away  from  its  place  of  origin  until 
it  finds,  perhaps  at  some  distance,  a cell  which  is  ready  for 
conjugation.  Sexual  reproduction  in  higher  plants  and 
animals  is  really  a conjugation  of  this  kind.  1 he  motionless 
cells  are  the  egg-cells  or  OYa,  and  usually  they  remain 
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quiescent  within  the  tissues  of  the  female  which  gave  rise 
to  them  ; the  motile  cells  are  the  spermatozoa,  which,  after 
they  have  left  the  male,  have  to  reach  and  conjugate  with 
the  ova.  Exactly  as  in  the  conjugation  of  simple  forms  of 
life  like  Spirogyra,  the  new  individual  formed  by  the  com- 
bined ovum  and  spermatozoon  shares  characters  coming 
from  both  parents  ; and  exactly  as  in  Spirogyra , before 
conjugation  takes  place,  part  of  the  chromatin  is  ejected  by 
the  ovum  and  spermatozoon. 

Spirogyra , then,  is  a simple  plant,  living  like  Protococcus 
on  inorganic  substances  in  solution  in  the  water  in  which  it 
lives,  and  building  these  substances  into  protoplasm  by  a 
complicated  process  in  which  chlorophyll  and  sunlight  take 
a chief  share.  Unlike  Protococcus , the  cells  resulting  from 
vegetative  division,  although  all  alike,  remain  attached  to  each 
other.  But  it  has,  in  addition,  the  process  of  conjugation,  which 
foreshadows  the  sexual  reproduction  of  higher  organisms. 

The  interesting  question  now  arises  whether  we  are  to 
regard  Spirogyra  as  a colonial  Protophyte,  that  is,  a unicellular 
plant  in  which  the  products  of  cell-division  remain  attached 
to  each  other,  or  whether  it  is  a simple  form  of  multicellular 
plant.  If  it  were  an  animal  instead  of  a plant,  the  undifferen- 
tiated nature  of  its  body  would  cause  it  to  be  placed  among 
the  colonial  unicellular  forms.  An  animal  is  not  regarded 
as  a Metazoan  simply  because  it  is  made  up  of  many  cells  ; 
these  cells  must  be  differentiated  into  at  least  two  distinct 
kinds  of  tissues,  and  a definite  embryological  development 
must  be  passed  through.  But  the  early  embryology  of  plants 
does  not  present  the  same  constant  fundamental  features 
which  that  of  animals  does,  and  consequently  cannot  serve 
the  same  purpose  in  helping  us  to  decide  the  alternative 
question  as  to  whether  a given  plant  is  a colonial  Protophyte 
or  a simple  Metaphyte.  The  question,  therefore,  with  regard 
to  Spirogyra  may  be  left  an  open  one.  It  is  a Metaphyte  so 
far  as  it  consists  of  many  cells  ; it  is  a Protophyte  so  far  as 
these  cells  are  all  alike  and  each  one  performs  by  itself 
all  the  functions  of  life.  In  which  class  we  shall  place  it 
depends  upon  the  width  of  our  definition  of  either  class. 


CHAPTER  VIII 


SINGLE-CELLED  ANIMALS— PROTOZOA 
Amceba 

ALTHOUGH  most  of  the  plants  with  which  we  are 
familiar  consist  of  a multitude  of  cells  specialized  for 
different  purposes  and  arranged  in  different  ways,  there  are 
many  plants,  like  Protococcus  and  the  yeast  plant,  each  of 
which  consists  of  a single  cell.  So  also  with  animals  ; all 
the  larger  animals  consist  of  a large  number  of  cells 
specialized  for  various  purposes  and  arranged  to  form 
different  tissues  and  organs.  But  there  are  very  many 
animals  grouped  together  by  zoologists  under  the  name 
Protozoa,  in  each  of  which  a single  ceil  may  form  the  whole 
animal.  These  simple  animals  abound  in  nature  ; any  drop 
of  stagnant  water  may  contain  many  of  them  ; they  are  to 
be  found  in  pools  and  ditches,  in  lakes  and  rivers,  on  the 
bottom  of  the  sea  and  on  its  surface,  and  in  the  slime  and 
mud  of  the  shore.  If  some  fluid  containing  organic  matter 
be  exposed  to  the  air,  single-celled  animals  will  appear  in 
it  almost  as  soon  as  bacteria,  reaching  it  from  the  air  in  the 
same  way  as  bacteria  reach  it.  Many  of  them  live  as  parasites 
in  the  bodies  of  animals  or  of  plants.  If  the  contents  of  the 
rectum  of  almost  any  animal  that  lives  in  water  (as,  for 
instance,  a water-beetle  or  a frog)  be  examined  under  the 
microscope,  many  protozoa  will  usually  be  found.  Other 
protozoa  live  in  the  body-cavities  and  deeper  tissues  of 
most  animals  and  in  man,  sometimes  harmlessly,  sometimes 
causing  diseases  in  their  hosts. 

One  of  the  most  abundant  of  the  protozoa  is  that  named 
Amoeba.  The  largest  amoebas  are.  just  visible  to  the  naked 
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eve  although  even  these  are  too  small  to  be  identified  except 
under  the  microscope.  The  smallest  of  them  are  not  much 
larger  than  bacteria.  They  are  to  be  found  both  in  fresh 
and  salt  water,  while  some  of  them  are  internal  parasites 
of  other  animals.  But  they  are  obtained  most  easily  from 


Fig.  9. — a.  Amoeba  proteus , with  retracted  pseudopodia  at  one  end  near 
which  is  the  contractile  vacuole.  At  the  other  end  are  four  protruded  pseudo- 
podia, and  above  them  lies  the  nucleus.  Embedded  in  the  protoplasm  are 
five  food-vacuoles  containing  small  ingested  organisms,  b.  Encysted  amoeba. 
c.  Amoeba  dividing  by  simple  fission. 


mud  or  slime  at  the  sides  or  at  the  bottom  of  water  con- 
taining organic  matter.  In  a greenhouse,  where  flower-pots 
are  allowed  to  stand  in  saucers,  the  slime  collecting  in  the 
saucers  is  a favourite  habitat  of  Amoeba.  So  also  is  the 
slime  round  the  sides  of  tanks  used  either  as  marine  or 
as  fresh-water  aquaria.  When  one  wishes  to  find  amoebae 
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in  ordinary  ditch  or  pond-water,  the  water  should  be  allowed 
to  stand  in  a vessel  until  the  mud  has  settled,  and  small 
quantities  which  can  be  removed  by  a pipette  from  the 
surface  of  the  deposit  of  sediment  should  then  be  examined 
under  the  microscope.  They  are  not  to  be  found  floating 
through  the  bulk  of  the  water,  for  amoebae  are  neither 
motionless,  like  the  resting  stages  of  Protococcus , nor  do 
they  swim  actively  through  the  water  like  its  motile  stages. 
They  are  creeping  or  flowing  cells,  which  move  slowly  along 
some  surface  like  the  mud  at  the  bottom  of  wrater  or  through 
thick  slime.  Even  in  the  very  small  area  of  a drop  of  water 
between  a glass  slide  and  a cover-slip,  they  are  usually 
motionless  and  inactive  and  difficult  to  see,  until  they  have 
sunk  to  the  surface  of  the  slide  or  crawled  out  on  the  under 
surface  of  the  cover-slip.  They  are  also  difficult  to  see 
(until  the  eye  has  become  accustomed  to  their  appearance) 
by  reason  of  their  transparency  and  absence  of  colour. 
They  are  simply  little  naked  masses  of  protoplasm,  without 
a limiting  and  defining  cell-wall,  and  almost  unceasingly 
changing  their  shape.  It  is  by  their  movements  that  they 
first  attract  one’s  eye.  Amoeba  has  a thin  external  layer 
which  is  even  more  transparent  than  the  central  portion 
of  the  cell,  which  appears  granular  and  contains  various 
foreign  bodies,  such  as  pieces  of  food  which  have  been 
taken  in.  The  clear  outer  layer  contains  none  of  these. 
This  difference  in  the  protoplasm  we  express  by  saying 
that  it  has  become  differentiated  into  an  outer  clearer  ecto- 
plasm and  an  inner  granular  endoplasm.  As  one  watches 
the  Amccba  one  may  see  at  some  point  in  the  animal  the 
more  central  granular  endoplasm  suddenly  flow  out,  pushing 
before  it  but  not  rupturing  the  external  layer  or  ectoplasm, 
so  that  a long  tongue  or  process  called  a pseudopodium 
protrudes  from  the  surface  of  the  animal.  Sometimes 
several  of  these  project  from  different  parts,  and  none  of 
them  remain  stationary  for  long.  In  some  cases,  it  is  the 
ectoplasm  which  first  protrudes  outwards  to  form  the  pseu- 
dopodium, the  endoplasm  then  suddenly  flowing  into  it. 
Thus  the  animal  is  constantly  changing  its  shape.  In  this 
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way,  too,  it  creeps  along  ; for  the  whole  of  the  protoplasm 
may  follow  in  the  direction  of  one  pseudopodium,  as  has 
been  already  described  in  the  case  of  the  amoeboid  cor- 
puscles of  the  frog  (p.  5).  The  movements  of  free-living 
amoebae,  however,  are  much  more  rapid  and  lively  than  are 
those  of  amoeboid  cells.  The  pseudopodia  may  have  dif- 
ferent shapes.  Sometimes,  as  is  the  case  with  the  most 
common  amoebae  of  salt  water,  these  are  excessively 
long  and  slender,  stretching  out  to  a distance  two  or 
three  times  the  width  of  the  mass  of  the  animal.  In  the 
most  common  fresh-water  forms  the  pseudopodia  are 
long  but  quite  broad  and  have  rounded  ends.  In  others 
the  pseudopodia  may  be  short,  blunt,  or  pointed.  In  the 
cases  mentioned  the  pseudopodia  appear  upon  any  portion 
of  the  surface  of  the  cell.  In  other  cases  very  few  processes, 
generally  only  two,  are  formed,  and  these  appear  at  two 
definite  points  opposite  each  other,  so  that  this  kind  of 
Amoeba  has  an  elongate,  recognizable  shape.  It  is  not  to 
be  supposed  that  any  specimen  of  Amoeba  may  present  all 
these  different  forms  of  pseudopodia.  Careful  observation 
will  show  that  in  most  cases  they  conform  to  one  of  the 
types  mentioned.  As  in  all  cells,  there  is  a nucleus  in 
Amoeba,  but  in  different  animals  it  has  different  appearances. 
Usually  it  is  a rounded  oval,  with  small,  regular,  darker 
masses  or  nucleoli  within  it.  Sometimes  it  is  round 


,,  , — , some- 

times there  are  a large  number  of  small  nuclei  in  place  of 
one  large  nucleus. 

Amaba  is  not  the  name  of  a single  species  or  individual 

!lo£  a"maI'  “ is  wh!“  is  called  the  generic  name  of  a 
number  of  different  species  which  are  all  more  closely  allied 

th  jaC  0 er.  t mn  *°  any  other  kind  of  animal.  Thus 

lu  are  difere  ft  ' <’  ^ ““  Cat’  Hon-  and  leopard 

an  are  different  species  of  animals.  But  the  dog,  wolf  jackal 

te  4?  hfntt C,0Selyt1,ied  and  Similaria  stmcturtthde 

order  to  d'  r ‘g'l|  f,"d  e0Pard  are  similarly  related.  In 
l.vhat  s an.Tlsand  exP‘-eas  these  relations 

Thus  Lt  binomial  nomenclature  was  invented, 

thus  the  generic  name  of  the  dog  and  its  allies  is  Cams 
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and  a second  or  specific  name  is  added  to  distinguish  the 
species  to  which  the  animal  belongs.  The  dog  is  Canis 
familiaris ; the  wolf,  Canis  lupus ; the  jackal,  Canis  aureus. 
The  generic  name  of  the  cat  is  Felis.  The  wild  cat  is  Felis 
catus.  The  origin  of  the  domestic  cat  is  unknown  ; it  does 
not  appear  to  be  a cross  breed.  The  lion  is  Felis  leo ; the 
tiger,  Felis  tigris ; the  leopard,  Felis  pardus.  Amoeba  is  a 
generic  name  and  there  are  many  species  of  Amoeba,  no 
doubt  more  difficult  to  distinguish  because  of  the  smaller 
number  of  visible  characters,  but  still  they  are  different 
animals,  just  as  are  the  dog,  fox,  and  wolf.  To  a certain 
extent  these  species  of  Amoeba  can  be  distinguished  by  the 
shape  of  the  nucleus,  the  form  and  appearance  of  the  pseu- 
dopodia, and  to  an  expert  eye  by  the  general  appearance 
of  the  whole  animal.  But  beside  the  visible  characters  the 
species  are  separated  by  many  others.  Thus  a species  that 
is  accustomed  to  live  in  fresh  water  is  killed  by  being  placed 
in  the  sea  water  in  which  a sea-water  species  is  living.  An 
amoeba  of  salt  or  fresh  water  taken  into  the  alimentary  canal 
of  man  would  almost  certainly  be  killed  and  would  certainly 
not  set  up  the  diseases  caused  by  the  species  that  may  be 
found  there.  In  certain  cases  two  amoebae  of  the  same 
species  coming  together  go  through  what  is  called  conjuga- 
tion : the  protoplasms  of  the  two  fuse  together  and  the  two 
animals  live  as  one  for  a time.  If  amoebae  of  different 
species  came  together,  either  no  result  would  follow  or  one 
would  ingest  the  other. 

By  careful  experiment,  it  has  been  found  possible  to 
accustom  amoebae  to  unusual  conditions  of  life,  to  keep 
fresh-water  species,  for  instance,  in  water  to  which  salt  has 
been  gradually  added.  But  we  have  no  reason  to  suppose 
that  experiment,  however  prolonged,  could  change  a fresh- 
water species  into  one  of  the  existing  salt-water  species. 
For  it  seems  to  be  as  true  of  the  species  of  amoebae  as  of  the 
species  of  all  animals,  that  species  are  kinds  of  animals  with 
distinct  structure,  properties,  and  habits,  and  that  it  does  not 
appear  possible  to  turn  one  species  into  another  existing 
species  by  the  operation  of  external  influences.  They  come 
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as  the  result  of  inherent  changes  in  their  race,  and  having 
come  they  are  either  fit  to  live  in  fresh  water  or  in  salt 
water,  or  maybe,  in  some  cases,  even  in  both.  But  being  fit 
to  live  in  fresh  water  alone,  they  are  perforce  compelled,  as 
it  were,  to  adopt  a fresh-water  habitat.  It  is  the  species 
which  chooses  the  fresh- water  conditions  and  not  the  fresh- 
water environment  which  made  the  fresh-water  species  out 
of  a salt-water  member  which  had  wandered  from  its  lace. 
The  question  of  species,  however,  has  to  be  very  carefully 
considered.  There  is  some  reason  to  believe  that  undifferen- 
tiated,  primitive  organisms  like  Amoeba  are  inherently  more 
plastic  to  external  conditions  than  are  the  more  highly 
specialized  Metazoa  or  multicellular  animals.  But  this 
capacity  of  responding  to  changes  in  the  environment  is  an 
innate  quality,  belonging  to  the  organism  itself,  and  is  a 
congenital  attribute  of  its  race.  This  is  shown  by  Dr. 
Dallinger’s  experiments  with  certain  protozoa.  During  an 
interval  of  several  years  he  exposed  these  protozoa  to  a very 
gradually  increasing  temperature.  He  began  with  15’ 6°  C. 
and  ended  with  that  of  70°  C.  But  it  must  be  observed  that 
at  each  successive  stage  at  which  the  temperature  was  raised, 
many  individuals  died  off  and  only  some  survived.  It  is 
therefore  clear  that  mere  change  in  the  environment  does 
not  produce  internal  changes  in  the  organism  favourable  to 
its  living  under  changed  conditions.  It  appears,  on  the 
other  hand,  that  in  Nature  there  are  living,  even  in  the  same 
species,  individuals  which  are  physiological  variants,  which 
possess  inherent  powers  of  response  and  adaptation  not 
possessed  by  others.  It  is  these  which  survive  ; it  is 
the  inherently  unresponsive,  the  physiologically  defective, 
which  are  eliminated  by  the  new  conditions  enforced  upon 
them.  And  what  is  true  of  physiological  attributes  is 
probably  equally  true  of  structural  characters.  Adaptation,  be 
it  structural  or  physiological,  to  any  set  of  external  conditions, 
is  due  to  inherent  and  spontaneous  qualities  or  characters  of 
the  race  and  not  to  direct  environmental  moulding. 

For  purposes  of  general  study,  the  most  convenient  species 
is  Amoeba  proteas,  the  largest  found  in  fresh  water.  In  this, 
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the  pseudopodia  are  long  but  wide,  and  are  usually  rounded 
or  even  expanded  at  their  ends.  The  nucleus  is  not  easily 
seen  unless  the  specimen  has  been  killed  and  stained,  but 
even  in  a living  state  it  may  be  recognized  as  a rounded  oval 
structure  embedded  in  the  granular  endoplasm,  darker  in 
appearance  and  of  more  even  texture.  It  can  move  freely  in 
the  protoplasm  and  shifts  its  position  during  the  creeping 
movements  of  the  animal.  A large  contractile  vacuole  is 
always  present,  and  its  slow  expansion  and  quick  contraction 
can  be  studied  with  ease. 

As  Amceba  moves  about,  it  comes  in  contact  with  various 
little  animals  and  plants  living  in  the  same  mud  or  water. 
It  may  be  observed  ingesting  these,  taking  them  into  its 
interior  at  any  point.  Sometimes  two  pseudopodia  entrap 
the  prey  between  them,  and  fusing  together,  embed  it  in 
the  common  mass  of  the  animal.  More  usually  the  tip  of 
a single  pseudopodium  flows  round  a particle  of  food,  com- 
pletely engulfing  it,  and  subsequently  carrying  it  back  into 
the  protoplasm  of  the  cell-body.  When  the  prey  is  part  of 
the  filament  of  an  alga,  like,  for  instance,  Spirogyra,  the 
Amceba  engulfs  a portion  which  remains  attached  to  the  rest 
of  the  plant.  It  is  such  small  animals  and  plants  that  form 
the  food  of  Amoeba.  The  ingested  prey  may  be  seen  to  lie  in 
the  protoplasm  surrounded  by  a small  layer  of  fluid,  which 
consists  partly  of  water  unavoidably  taken  in  with  the  food, 
but  which  also  contains  some  digestive  juice  similar  in  its 
action  to  gastric  juice  and  secreted  by  the  protoplasm.  This 
little  space  containing  digestive  juice  and  food  is  known  as 
a food  Yacuole,  and  several  of  them  may  be  seen  in  one 
amceba.  The  living  material  of  the  ingested  animal  or  plant 
is  acted  upon  by  the  digestive  juice,  and  its  proteins  are 
turned  into  soluble  material.  The  digestion  of  the  food  can 
be  watched  best  when  it  is  a green  plant.  First  the  chloro- 
phyll is  destroyed  and  all  the  soft  part  of  the  plant  disappears, 
leaving  behind  only  the  cellulose  wall  and  a few  particles  of 
indigestible  debris.  The  nutritive  juice  thus  formed  gradually 
passes  out  of  the  vacuole  and  gets  lost  to  sight  in  the 
minute  spaces  of  the  protoplasm.  It  becomes,  in  other  words, 
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assimilated,  or  built  up  into  the  living  protoplasm.  Finally, 
the  indigestible  remains  are  extruded  at  the  nearest  point. 

Experiments  show  that  Amoeba  requires  either  living  proto- 
plasm, in  the  form  of  the  bodies  of  animals  or  plants,  or  dead 
protein  matter,  like  minute  particles  of  raw  beef  or  white 
of  egg,  in  order  to  live  or  grow.  It  cannot  digest  starch 
or  fat,  and,  unlike  a green  plant,  is  unable  to  build  up  protein 
material  from  simple  inorganic  salts : nor,  unlike  the  yeast 
plant,  can  it  make  use  of  ammonium  tartrate  as  its  nitrogenous 
supply.  Like  the  yeast  plant  and  green  plants  when  sunlight  is 
not  acting  upon  their  chlorophyll,  it  requires  a supply  of  oxygen. 
Mineral  substances,  which  appear  simply  to  be  those  entering 
into  the  composition  of  protoplasm,  it  obtains  partly  from  the 
protoplasm  of  the  organisms  it  ingests  and  assimilates  and 
partly  from  the  small  quantities  of  salts  which  are  present 
even  in  fresh  water.  For  its  life-history,  then,  Amoeba 
requires  small  quantities  of  mineral  matter,  protein,  either  in 
the  form  of  living  animals,  which  is  the  natural  condition,  or 
supplied  it  artificially,  water,  which  it  gets  directly  from  its 
surroundings,  and  oxygen,  which  is  dissolved  in  the  water. 
The  protoplasm  or  protein  is  digested  and  absorbed  and  the 
nutritive  material  passes  into  the  ultra-microscopic  interstices 
of  the  protoplasm.  The  indigestible  portion  is  excreted  or 
turned  cut.  The  real  waste  matter  of  the  Amoeba , that 
which  comes  from  the  actual  wear  and  tear  of  its  protoplasm 
in  the  piocesses  of  life,  is  secreted  into  the  contractile 
vacuole  and  then  discharged  as  an  excretion  from  that, 
just  as  nitrogenous  waste  is  removed  from  the  blood  by 
the  kidneys  of  higher  forms  and  discharged  from  the  bladder 
to  the  exterior. 

As  a matter  of  observation  it  is  not  known  how  the 
carbonic  acid,  the  result  of  the  oxidizing  process  of  the 
living  protoplasm,  is  removed,  but  probably  it  is  discharged 
into  the  water  just  as  the  oxygen  is  taken  up  from  the  water. 

It  is  to  be  noticed  that  all  these  processes  of  taking  in, 
building  up,  and  giving  out,  go  to  make  up  what  is  called  the 
Vi  a activity  of  protoplasm.  In  the  complicated  bodies  of 
higher  animals  mechanical  conditions  may  come  into  opera- 
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tion.  Thus,  for  instance,  the  absorption  of  oxygen  by  the 
lungs  and  the  discharge  of  carbonic  acid  may  be  aided,  in 
accordance  with  the  laws  of  diffusion  of  gases,  by  the 
difference  between  the  low  pressure  of  oxygen  in  the  venous 
blood  and  the  higher  pressure  in  the  atmospheric  air  in  the 
alveoli  of  the  lungs  ; while  the  excretion  of  carbonic  acid 
may  be  aided  by  the  fact  that  the  blood  in  the  lungs  contains 
an  abnormally  large  amount  of  that  gas,  while  the  air 
contains  a very  small  amount.  In  such  a condition  of  things 
the  laws  of  diffusion  of  gases  may  come  into  operation. 
But  in  the  case  of  Amoeba  there  is  no  arrangement  of  this 
kind,  and  it  is  important  to  remember  that  it  is  one  of  the 
properties  of  the  protoplasm  of  Amceba)  and  in  all  probability 
of  all  protoplasm,  to  absoi'b  oxygen  and  discharge  carbonic 
acid  independently  of  pressure  and  diffusion.  So  also  with 
the  discharge  of  the  nitrogenous  waste  matter.  In  the  body 
of  man  the  separation  from  the  blood  in  the  kidneys  of  urea 
and  of  water  may  be  aided  by  the  mechanical  conditions  of 
the  complicated  structure  of  the  kidneys.  But  in  Amoeba , 
this  secretion  and  discharge  of  waste  matter  goes  on  inde- 
pendently of  specially  adapted  structures.  It  is  one  of  the 
properties  of  the  protoplasm  of  Amoeba , and  probably  of  all 
protoplasm,  to  remove  nitrogenous  waste  matter. 

When  Amoeba  has  an  abundant  supply  of  food,  the 
building  up  of  new  protoplasm  goes  on  more  rapidly  than 
the  process  of  breaking  down,  and  the  Amoeba  grows 
larger.  As  is  the  case  with  all  cells,  there  is  a limit  of  size 
beyond  which  an  Amoeba  does  not  go.  Instead  of  growing 
larger,  or  of  ceasing  to  feed,  reproduction  takes  place.  It 
cannot,  however,  be  said  that  reproduction  is  simply  the 
direct  result  of  the  attainment  of  a certain  size.  The  size 
at  which  it  takes  place  is  different  in  the  case  of  different 
species  of  Amoeba , and  even  varies  in  the  case  of  individuals 
of  the  same  species.  In  the  case  of  many  single-celled 
animals,  although  not  in  the  case  of  Amoeba , it  has  been 
shown  that  although  the  most  abundant  supply  of  food  be 
given,  and  the  other  conditions  be  favourable  to  active 
growth,  reproduction  by  division  will  not  go  on  for  an 
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indefinite  number  of  generations.  After  a time  the  indi- 
viduals appear  to  become  more  languid  and  feeble  and  the 
greater  number  of  them  die.  A few,  however,  undergo  the 
process  of  conjugation.  In  the  case  of  Spirogyra  it  will 
be  remembered  that  a kind  of  sexual  reproduction  takes 
place.  The  protoplasm  of  two  cells  united  to  form  a spore. 
In  the  case  of  some  Protozoa,  after  two  cells  have  come 
together  the  nuclear  matter  and  protoplasm  of  each  fuse 
together,  and  the  whole  mass  becomes  enclosed  in  a firm 
cell-wall  and  breaks  up  into  a set  of  spores.  In  other  cases 
(. Paramcecium , infra , p.  69)  after  the  two  cells  come  together  in 
the  process  of  conjugation,  a complicated  interchange  of 
nuclear  matter  and  apparently  of  protoplasm  goes  on  between 
the  two,  and  ultimately  the  two  separate  again,  and  each 
takes  up  the  usual  method  of  reproduction  by  simple  division. 
In  Amoeba  the  process  of  conjugation  has  been  noticed,  but 
the  exact  details  of  what  occurs  are  not  known.  It  is,  how- 
ever, clear  that  although  reproduction  by  division  is  due 
in  the  first  place  to  growth,  this  process  will  not  occur 
to  an  indefinite  extent  in  any  individual  case  ; reproduction 
is  not  a simple  effect  of  overgrowth.  As  in  the  case  of 
excretion  and  respiration,  we  have  to  fall  back  on  the  state- 
ment that,  as  an  observed  fact,  it  is  an  innate  property  of  the 
mass  of  protoplasm  known  as  a cell  to  divide. 

The  actual  process  of  reproduction  in  Amoeba  begins  with 
the  nucleus.  This  becomes  elongated  ; a contraction  appears 
in  the  middle,  giving  it  a dumb-bell  shape  ; the  contraction 
deepens  until  the  elongated  nucleus  is  separated  into  two 
nuclei.  During  the  division  of  the  nucleus  the  surrounding 
protoplasm  also  constricts,  and  ultimately  the  whole  animal 
divides  in  two  (Fig.  9,  c).  In  this  process  there  is  no  trace 
of  any  distinction  between  the  two  halves  of  the  daughter 
amoebae.  Both  aie  exactly  alike,  and,  except  in  size  until 
they  have  grown,  they  are  exactly  like  the  parent  cell. 

One  notable  point  in  which  the  reproduction  of  Protozoa 
y simple  division  differs  from  the  reproduction  of  higher 
animals  must  be  noticed.  A man,  or  a cat,  or  dog  gives  rise 
0 sons  and  daughters  and  ultimately  dies.  In  the  cases  of 
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Amoeba,  the  sons  and  daughters  are  themselves  the  body  of 
the  parent  ; the  single  Amoeba  as  an  individual  disappears. 
As  a mass  of  protoplasm  it  is  not  subject  to  death  except  as 
an  accident.  Death  plays  no  part  as  a naturally  recurring 
event  in  the  life  of  Amoeba.  In  that  sense  it  is  immortal, 
since  its  individuality  becomes  merged  in  each  successive 
generation  in  that  of  its  offspring.  As  we  know  only  of 
reproduction  by  simple  division  in  the  case  of  Amoeba  and 
of  many  other  Protozoa,  those  alive  just  now  have  there- 
fore descended,  so  far  as  we  can  infer,  in  a direct  con- 
tinuous chain  of  division  from  the  first  Amoeba ? that  ever 
lived. 

There  is  one  other  occurrence  in  the  life  of  Amoeba 
which  must  be  noticed.  Occasionally,  especially  under  un- 
favourable conditions,  a thin  skin  or  cell-wall  forms  round 
the  Amoeba.  This  is  excreted  by  the  protoplasm  and  is  a 
substance  of  a chitinous  nature.  The  pseudopodia  are 
withdrawn,  the  animal  assumes  a spherical  shape,  and 
the  cell-wall,  or  cyst,  becomes  thick  and  nearly  opaque 
(Fig.  9,  b).  After  a period  of  quiescence  the  wall  of  the 
cyst  ruptures,  and  the  Amoeba  creeps  out,  leaving  behind  it 
the  empty  cyst.  Except  that  it  may  serve  as  a means  of 
protection  against  untoward  influences,  the  meaning  of  this 
process  of  encystment  is  not  known.  Such  resting  cysts 
are  called  hypnocysts. 
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IN  many  Protozoa  allied  to  Amoeba  the  cell  processes 
corresponding  to  the  pseudopodia  assume  peculiar 
shapes.  A single,  long,  tapering  process  which  is  vibratile 
but  cannot  be  withdrawn  resembles  very  closely  the  two 
long  cilia  or  flagella  to  be  found  in  the  motile  stages  of 
Protococcus.  Sometimes  the  processes  are  branched  at  the 
tips.  In  others  the  tips  are  expanded  into  tiny  knobs,  which 
under  the  microscope  give  the  appearance  of  minute  pins 
inserted  into  the  cell  by  their  points,  as  is  shown  in  Fig.  io. 
An  occurrence  of  very  great  interest  may  be  seen  in  a 
protozoon  with  tentacle-like  pseudopodia  by  any  one  who 
cares  to  watch  sufficiently  long  for  it.  The  Protozoon  in 
question  is  an  acinetan  called  Sphcvrophrya  (Fig.  io).  It 
is  very  common  in  fresh-water  ponds  all  over  this  country, 
and  it  may  be  found  if  the  method  recommended  on  page  7 
be  followed.  It  is  a small  form,  nearly  circular,  and  possess- 
ing a large  number  of  very  long  slender  filaments  with  knobs 
at  their  tips.  These  knobs  consist  of  semi -liquid  tenacious 
protoplasm,  probably  with  poisonous  properties.  By  fhem 
small  swimming  Protozoa  are  captured,  and  in  a captured 
animal,  after  a short  struggle,  the  movements  of  life  become 
paralysed,  and,  by  the  bending  of  the  knobbed  filaments  the 
prey  is  gradually  pulled  into  the  cell-body  and  there  engulfed. 
Here,  then,  is  a case  where,  instead  of  a simple  pseudo- 
podium which  may  disappear  and  be  reformed  at  any 
moment,  there  is  a more  elaborate  structure  specialized  for 
ai  particular  purpose. 


57 


58 


OUTLINES  OF  BIOLOGY 


Sphceroplirya  sometimes  divides  by  simple  transverse 
fission.  In  Fig.  io,  n,  this  has  occurred,  and  the  two  daughter 
cells  are  beginning  to  draw  apart.  The  only  difference  to  be 
noticed  between  the  two  is  that  one  is  rather  smaller.  In 
Fig.  to,  6,  which  was  drawn  from  the  specimens  about  fifteen 
minutes  after  Fig.  io,  a , the  smaller  result  of  the  division 
shows  a more  irregular  shape,  and  its  knobbed  filaments,  at 

first  of  equal  length  to  those 
of  the  larger  animal,  have  be- 
come much  shorter.  At  Fig. 
io,  c,  drawn  a few  minutes 
later,  the  smaller  organism  has 
become  much  more  elongated 
and  nearly  oval ; and  a large 
and  active  contractile  vacuole 
appears  in  it.  Suddenly,  as 
one  watches  it  under  the 
microscope,  a most  remark- 
able change  occurs.  The 
knobbed  tentacles  at  one  end 
of  the  oval  break  down  into  a 
faint  transparent  layer  of  pro- 

tvT  tIO  _ aAn  , ^■cinet!|n  dividing,  toplasm  as  shown  in  Fig.  io, 

a.  The  two  daughter  cells  are  alike ; r & ’ 

b,  one  cell  becomes  irregular  in  shape  and  almost  as  suddenly  this 

and  the  suckers  are  shorter  ; c,  the  layer  of  protoplasm  breaks  up 
cell  is  elongating ; d,  the  suckers,  . , r . 

except  at  one  end,  have  broken  down  into  a number  of  delicate  short 
into  a zone  of  protoplasm  ; e,  this  waving  lines  of  protoplasm, 
zone  has  broken  up  into  cilia,  and  the  Th  rn]|„j  1lHi„ 

animal  begins  to  swim.  1 nese  aie  called  cilia,  little 

hairs,  and  by  their  rapid  vibra- 
tions the  oval  animal,  hitherto  stationary,  is  propelled  through 
the  water  at  a pace  which  makes  it  difficult  to  keep  it  in  the 
field  of  the  microscope  (Fig.  io,  c).  After  a short  period 
of  vagrant  life  the  animal  settles  down  ; the  cilia  again  dis- 
appear and  knobbed  filaments  take  their  place,  while  the 
nearly  spherical  form  is  assumed  again.  Cilia,  then,  in  their 
simplest  condition  are  protoplasmic  filaments  and  may  be 
regarded  as  specialized  pseudopodia. 

A large  number  of  the  most  common  Protozoa  are 
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characterized,  among  other  features,  by  the  possession  of 
cilia.  These  have  two  chief  uses  : they  may  serve  to  propel 
the  animal  through  the  water,  or,  when  the  animal  remains 
stationary,  their  vibrations  may  draw  currents  of  water  to- 
wards the  animal  itself,  and  in  these  currents  are  carried  the 
small  organisms  which  serve  as  food.  Another  feature  in  the 
ciliated  Protozoa  is  that  their  protoplasm  instead  of  being 
naked,  as  in  Amccba,  is  protected  by  a delicate  cell- wall  called 
a cuticle.  This,  like  the  cyst  of  Amceba,  is  a chitinous 
material  secreted  by  the  protoplasm.  A great  advance  in 
complexity  of  structure  results.  Amoeba  and  other  naked 
Protozoa  can  take  in  food  at  any  point  of  their  surfaces.  In 
the  other  forms,  the  cuticle  either  prevents  this  or  makes  it 
difficult.  And  so  in  the  ciliated  Protozoa  a small  part  of  the 
surface  is  usually  unprotected  by  cuticle  and  serves  as  a 
mouth  to  take  in  food  and  an  anal  spot  at  which  excreta  are 
discharged.  This  soft  part  of  the  surface  of  the  animal,  no 
doubt  for  reasons  of  safety,  is  frequently  sunk  down  until  it 
comes  to  lie  at  the  bottom  of  a funnel-like  depression  which 
may  be  called  the  pharynx  or  gullet.  Round  about  this, 
special  bands  of  cilia  serve  to  sweep  currents  in  towards  the 
mouth,  and  the  whole  depression  may  be  covered  and  pro- 
tected by  a movable  part  of  the  body  of  the  animal  which 
serves  as  a flap  or  lid  to  the  pharynx.  It  is  to  be  remembered 
that  all  this  structure  is  within  a single  cell.  The  parts  are 
not  formed  by  the  arrangement  of  many  cells,  like  the  mouth, 
gullet,  and  so  forth,  of  higher  organisms.  Organization,  the 
formation  of  organs,  although  most  familiar  to  us  in  the  case 
of  many-celled  animals,  exists  in  single-celled  animals  also. 
I he  capacity  of  becoming  organized,  then,  is  one  of  the 
innate  properties  of  protoplasm. 

Among  common  ciliated  Protozoa  are  the  bell  animal- 
cu  es  of  the  genus  Vorticella  and  the  slipper  animalcules  of 
the  genus  Paramecium.  The  various  species  of  Vorticella 
?ref  ° e™,°Und  a^most  everywhere,  in  fresh  water  or  in  sea 

a Cr‘  iey  are  sma11  hi  size,  but  under  the  microscope 
they  may  be  recognized  at  once  by  their  habits  and  shape. 
Each  consists  of  an  oval  or  bell-shaped  head  attached  to 
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water-weed  or  pieces  of  stone,  or  even  to  the  shells  or  bodies 
of  small  aquatic  animals.  The  whole  animal,  which,  al- 
though very  complicated,  is  a single 
cell,  is  clad  with  a delicate  cell-mem- 
brane or  cuticle.  At  what  may  be 
called  the  lower  or  attached  end  of 
this,  the  cuticle  is  drawn  out  into  a 
long,  exceedingly  delicate,  hollow 
stalk,  by  the  extreme  end  of  which 
it  is  anchored.  Within  this  hollow 
stalk  a darker  protoplasmic  thread 
runs  from  the  protoplasm  of  the  cell- 
body  in  a very  loosely  twisted  spiral 
to  the  extreme  end  of  the  stalk. 
Under  the  higher  powers  of  the 
microscope  this  axial  thread  of  proto- 
plasm is  seen  to  be  granular,  and  the 
granules  are  arranged  in  lines  across 
the  short  diameter  of  the  thread, 
giving  it  a striated  appearance.  The 
slightest  jar  causes  the  stalk  to  con- 
tract, and  the  contraction  consists  in 
the  loose  spiral  of  the  thread  of  pro- 
toplasm suddenly  coiling  into  a very 
tightly  rolled  spiral,  so  that  the  stalk 
is  shortened  into  a thick  coiled 
cylinder  not  so  long  as  the  bell- 
shaped head,  which  is  pulled  down 
close  to  the  point  of  support.  The 
contraction  is  due,  not  to  a change  in 
the  actual  bulk  of  the  protoplasm, 
but  to  a change  in  shape.  So  also 
in  the  muscles  of  higher  animals  the 
shortening  of  a muscle  fibre  is  always 


| Fig.  ii. — Living  Vorti- 
cella  in  the  act  of  expanding ; 
the  spiral  stalk  with  central 
contractile  thread  is  uncoil- 
ing ; the  peristome  has  ex- 
panded and  the  cilia  are  in 
active  motion ; under  the 
raised  edge  of  the  disc  a 
ciliated  pharynx  passes  into 
the  interior  of  the  cell ; to 
the  right  of  the  pharynx  the 
pulsating  vacuole  is  seen  as 
a clear  spot ; looped  in  the 
protoplasm  is  the  horse-shoe- 
shaped nucleus  ; several 
food-vacuoles  appear  as 
dark  spots. 


accompanied  by  a change  proportionate  to  the  increase  in 
the  thickness  of  the  fibre.  The  unrolling  of  the  spiral,  and 
the  consequent  protrusion  of  the  I oi'ticclla  from  its  place  of 
anchoring,  takes  place  much  more  slowly. 
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In  the  contracted  condition  the  head,  or  cell-body,  of 
Vorticella  is  nearly  globular.  As  the  uncoiling  proceeds,  the 
cfiobe  slowly  becomes  bell-shaped.  The  circular  edge  of  the 
bell  mouth,  which  has  been  tucked  into  the  bell  cavity,  first 
expands,  and  is  seen  to  form  a circular  lip,  of  which  the  edge 
all  round  is  slightly  folded  back.  This  is  called  the  peri- 
stome, because  it  surrounds  the  stoma,  or  mouth.  As  the 
peristome  expands,  the  edge  of  a circular  disc  lying  in  the 
mouth  of  the  bell  is  pushed  up,  like  the  lid  of  a “Jack-in-the- 
box,”  and  from  between  the  pushed-up  edge  and  the  inner 
edge  of  the  peristome  one  or  two  long,  stout  bristles  are  pro- 
truded. At  the  same  time  a circle  of  long  cilia  which  are 
arranged  around  the  edge  of  the  disc  begin  to  vibrate  very 
rapidly  and  to  cause  a whirlpool  in  the  water,  by  which  any 
small  floating  objects  are  drawn  inwards  to  the  opening 
under  the  edge  of  the  disc.  This  opening  leads  into  a 
funnel-shaped  depression,  the  pharynx,  lined  with  vibratile 
cilia,  and  leading  inwards  to  the  centre  of  the  cell.  At  the 
bottom  of  this  depression  a small  area,  not  covered  by  cuticle, 
serves  as  the  actual  mouth  by  which  food  particles  drawn 
into  the  pharynx  by  the  action  of  the  cilia  are  actually  taken 
into  the  protoplasm.  Another  soft  area  at  the  side  of  the 
funnel  serves  as  the  anus  by  which  the  indigestible  portions 
of  the  food  are  extruded.  In  the  protoplasm  near  the  anus 
is  a large  contractile  vacuole,  which  one  may  see  slowly 
expanding  and  rapidly  discharging  its  contents  into  the 
pharynx,  from  which  they  escape  to  the  exterior.  In  the 
protoplasm,  also,  many  food  vacuoles,  like  those  of  Amoeba, 
may  be  seen  at  different  places.  Lastly,  the  nucleus  can  be 
seen  as  a very  long  and  rather  narrow  granular  mass,  twisted 
into  a horse-shoe  shape. 

Notwithstanding  the  much  greater  complexity  of  this 
. unicellular  animal  the  processes  of  respiration,  digestion,  and 
i excretion  take  place  precisely  as  in  Amoeba.  As  it  is  fixed  to 
r a particular  spot,  and  so  can  be  kept  under  observation  more 
[•  easily,  it  is  more  easy  to  experiment  with.  If  granules  of 
p carmine  be  placed  in  the  water  near  it,  the  direction  of  the 
p ciliary  currents  may  be  observed,  and  the  precise  spot  at 
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which  the  food  material  is  taken  into  the  protoplasm  may  be 
noted.  It  is  possible  also  to  study  the  motion  of  the  cilia 
in  detail.  By  the  introduction  into  the  water  on  the  slide  of 
a minute  trace  of  dilute  iodine — or  better,  of  a drop  of  water 
into  which  tobacco  smoke  has  been  blown  through  a tube — 
the  movements  of  the  cilia  may  be  made  slower,  although  a 
slight  overdose  permanently  arrests  them.  If  a single  cilium 
be  watched,  the  movement  may  be  seen  to  consist  of  a series 
of  quick  bendings  in  one  direction,  each  bending  being 
followed  by  slower  recovery  of  the  straight  position.  The 
cilia  are  themselves  protoplasmic  structures,  and  the  bending 
and  recovery  are  due  to  alternate  contractions  of  the  proto- 
plasm on  either  side  of  the  cilium.  Ciliary  motion,  then,  is 


Fig.  12. — a.  Diagram  of  Vorticella.  b.  Motile  form.  c.  Encysted  Vorti- 
cella  with  beaded  nucleus,  d.  One  of  the  spores  into  which  c divides,  e to  h. 
Stages  in  the  development  of  spore  into  adult  form. 

a form  of  protoplasmic  activity,  and  is  an  innate  quality  of 
some  forms  of  protoplasm. 

Reproduction  in  Vorticella  is  more  complicated  than  in 
Amoeba.  First,  reproduction  by  longitudinal  fission  occurs. 
The  nucleus  divides  as  in  Amoeba , and  then  division  of  the 
cell-body  occurs.  At  first  the  two  daughter  cells  remain 
attached  to  a common  stalk,  and  in  many  close  allies  of 
Vorticella,  “ colonial  forms,”  with  a number  of  heads  on  the 
same  stalk,  may  thus  be  formed.  But  in  Vorticella , one  part 
remains  attached  to  the  stalk,  the  other  half  grows  barrel- 
shaped, and  towards  the  lower  end  of  the  barrel  a second  ring 
of  cilia  develops  (Fig.  12,  b).  Then  the  barrel-shaped  Vorticella 
leaves  the  parent  stalk,  and,  propelled  by  the  ring  of  cilia, 
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swims  about  actively  for  a time.  Ultimately  it  settles  down, 
and  a stalk  grows  out  by  which  it  is  anchored  in  a new 
locality,  and  it  becomes  indistinguishable  from  the  parent 
organism  or  from  its  stationary  twin.  In  this  way  the  fixed 
Vorticella  may  spread  from  place  to  place,  and  those  animals 
that  settle  down  in  positions  favourable  for  food  survive. 
Occasionally,  however,  it  may  be  seen  that  a fixed  form 
gives  rise  directly  to  the  vagrant  form  by  developing  a 
posterior  ring  of  cilia  and  breaking  away  from  its  stalk. 
This  happens  in  circumstances  where  the  water  is  evaporat- 
ing, as,  for  instance,  when  a number  of  Vorticella  are  kept 
for  a few  hours  under  observation  in  a very  small  quantity 
of  water. 

In  a second  form  of  reproduction  the  Vorticella  divides  into 
a large  and  a small  portion,  the  latter  part  appearing  simply 
like  a bud  upon  the  larger.  The  small  cell  becomes  an 
elongate,  barrel-shaped,  vagrant  form,  with  a posterior  ring 
of  cilia,  as  in  the  case  first  mentioned,  the  only  difference  in 
appearance  being  that  the  vagrant  buds  are  very  small. 
Sometimes  the  Vorticella  divides  in  two,  and  while  one  half 
remains  attached  to  the  stalk  the  other  breaks  up  into  several 
vagrant  forms.  Thus,  when  this  kind  of  division  has  been 
occurring,  there  results  a number  of  fixed  forms  and  a 
number  of  small  wandering  forms.  Between  these  conjuga- 
tion may  occur.  A vagrant  form  comes  up  to  one  of  the 
fixed  forms  to  which  it  has  wandered,  and  the  protoplasm 
of  the  two  completely  fuses,  the  small  vagrant  forms  being 
entirely  absoibed  in  the  fixed  form.  After  the  process, 
reproduction  by  fission  occurs  more  vigorously  in  the  fixed 
form.  The  interest  of  this  process  of  conjugation  is  that  it 
foreshadows  the  sexual  reproduction  of  higher  animals.  The 
arge  fixed  form  represents  the  egg-cell  of  the  female,  which 
is  usually  large  and  stationary  ; while  the  small,  actively 
swimming  form  corresponds  to  the  spermatozoon,  which  is  a 
small,  freely  moving  cell  that  seeks  out  and  fuses  with  the 
egg-cell. 

A third  method  of  reproduction  is  preceded  by  encystment. 
A Vorticella  becomes  detached  from  its  stalk,  and  secretes  a 
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thick  cuticle  (Fig.  12,  c).  Within  this  the  nucleus  and  the 
protoplasm  break  up  into  a number  of  little  spores,  in  each 
of  which  there  is  a portion  of  the  nucleus  and  some  pro- 
toplasm. A cuticle  forms  around  each  spore,  and  ultimately 
the  cyst  ruptures,  liberating  the  spores.  It  is  by  these  that 
Vorticella  most  easily  gets  carried  from  place  to  place,  by  the 
wind  or  by  other  agencies.  The  thick  wall  of  the  spore 
protects  it  against  untoward  influences.  When  the  spore 
reaches  a place  favourable  to  development,  its  cuticle  ruptures 
and  the  protoplasm  creeps  out  as  a little  naked,  partly 
amoeboid,  mass  of  protoplasm.  This  rapidly  becomes  elon- 
gated, and  develops  a ring  of  cilia  (Fig.  12,  d to  h).  It  swims 
about  actively,  and  finally  settles  down  as  the  adult  form, 
with  stalk,  pharynx,  peristome,  disc,  and  so  forth.  This  fore- 
shadows another  feature  of  the  reproduction  of  higher 
animals.  The  first  stage  in  the  life  of  the  young  of  a worm, 
or  a frog,  or  a man  is  very  unlike  the  adult  stage.  It  is  a 
simple  single  cell,  which  only  after  a long  and  complicated 
series  of  changes  becomes  like  the  adult.  Sometimes,  as  in 
man,  all  these  changes  go  on  within  the  body  of  the  mother ; 
sometimes,  as  in  the  frog,  some  of  the  stages  swim  actively 
about  as  tadpoles,  get  their  own  food,  and  live  exactly  as 
complete  animals  while  they  are  finishing  their  development. 
But  in  the  cases  of  higher  animals  the  building  up  of  the 
adult  form  takes  place  by  the  multiplication  of  cells.  The 
animal  begins  as  a single  cell  : the  adult  is  formed  almost  of 
innumerable  cells.  In  the  case  of  Vorticella  the  adult  animal 
and  each  stage  in  its  growth  is  to  be  regarded  as  a single  cell. 
The  development  of  the  animal  consists  in  the  organization 
and  specialization  of  its  protoplasm. 


CHAPTER  X 

CILIATED  PROTOZOA  {continued) 

Paramcecium  (the  Slipper  Animalcule) 

PARAMGECIUM  is  one  of  a class  of  Protozoa  called 
Infusoria.  The  individuals  of  this  class  are  readily 
obtained  in  infusions  of  organic  matter,  and  more  particularly 
in  those  made  from  hay,  grass,  or  flowers  steeped  in  water. 
Infusorians  can  thus  be  readily  obtained.  They  are  widely 
distributed  on  plant  surfaces  encysted  in  resting  cysts  ; these 
cysts  are  technically  called  Hypnocysts,  to  distinguish  them 
from  reproductive  cysts,  which  are  known  under  various 
names.  The  hypnocysts  are  microscopic  sacs  of  a spherical 
: form,  composed  of  a substance  allied  to  chitin  and  of  a 
! resistant  nature.  Within  them  the  protoplasm  of  the  indi- 
i vidual  is  enclosed  and  is  protected  against  desiccation  and 
i other  harmful  influences.  Thus  invested,  the  organism  exists 
i in  a relatively  passive  condition.  The  cysts  are  blown  from 
: place  to  place  by  the  wind,  and  since  they  are  extremely 
i small,  they  readily  adhere  to  the  surface  of  plants,  hay,  and 
! grass.  When  any  of  these  are  placed  in  water  the  cyst  is 
i dissolved  by  the  organism  within,  which  comes  forth,  to  feed, 

' grow,  and  reproduce.  Its  reproduction  is  very  rapid  in 
j suitable  solutions,  namely,  water  containing  putrefying  matter 
I or  minute  particles  of  vegetable  debris.  In  a very  short  time, 
therefore,  the  water  in  which  almost  any  vegetable  matter 
has  been  steeped  will  be  swarming  with  Paramcecia  and 
other  Infusoria. 

Paramoecium  is  a relatively  large  Protozoan  (Plate  I).  It 
* 6S 
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can  be  readily  seen  with  the  naked  eye  as  a white  speck.  It 
measures  in  its  longer  axis  about  \ to  J millimetre. 

Unlike  Amoeba , its  form  is  constant  and  it  maybe  compared 
to  that  of  a slipper.  Its  constancy  of  form  is  due  to  its 
investment  by  a firm  cortex  or  ectoplasm  (ec),  and  an 
outermost  cuticle  (cu).  Within  the  cortex  is  a much  more 
fluid  protoplasm,  constituting  the  medulla  or  endoplasm  (en). 
Under  the  higher  powers  of  the  microscope  this  medullary 
protoplasm  is  seen  to  have  a reticulated  or  network  structure. 
The  net  is  composed  of  a denser  protoplasm,  called  the 
spongioplasm,  and  the  meshes  are  filled  with  a more  fluid 
and  clearer  protoplasm,  the  hyaloplasm.  The  cortex  presents 
a similar  reticulated  appearance,  but  the  network  is  much 
closer  and  firmer. 

The  organs  of  locomotion  in  Paramcecium  are  not  pseudo- 
podia as  in  Amoeba , but  cilia  (c).  These  are  extremely  fine 
constantly  vibrating  processes  of  the  cortical  protoplasm  ; 
they  pass  through  minute  pores  in  the  cuticle  to  the  exterior. 
The  whole  surface  of  the  body  is  covered  with  them,  and 
they  are  disposed  in  regular  lines  running  along  the  length  of 
the  body.  Paramcecium  moves  with  its  anterior  or  broad  end 
forwards  and  its  ventral  or  “gullet”  side  downwards. 

On  this  ventral  or  under-surface  (Plate  I)  there  is  a depres- 
sion lying  towards  the  broader  anterior  end,  and  this  leads 
backwards  into  a tubular  part,  which  extends  into  the 
medulla.  The  depression  is  called  the  buccal  depression 
and  the  tubular  part  the  oesophagus  or  pharynx.  This  latter 
is  traversed  along  its  length,  on  its  dorsal  side,  by  a thin 
velum  or  protoplasmic  membrane,  which  is  in  continual 
undulation.  Its  movements,  together  with  those  of  the  cilia 
which  line  the  pharynx,  probably  serve  to  set  up  currents  in 
which  food  particles  are  wafted  into  the  pharynx.  They  are 
then  driven  to  the  bottom  of  this,  where,  as  they  accumulate, 
a bleb  or  rounded  mass  of  food-matter  is  formed.  This  food 
material  is  enclosed  in  a vacuole  of  water,  and  when  the 
whole  mass  has  reached  a certain  size  it  becomes  jerked  off 
from  the  pharynx  and  is  carried  into  the  medulla.  The  4 
mechanism  of  this  “jerking  off”  from  the  pharynx  is  1 
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apparently  of  a simple  mechanical  nature.  The  medullary 
protoplasm  is  rotating  at  a constant  rate,  round  and  round, 
inside  the  cortical  layer.  The  cohesion  of  the  tiny  ball  of 
food  material  to  the  pharynx  is  only  weak,  and  consequently, 
as  it  gets  bigger,  the  friction  of  the  moving  medullary  pro- 
toplasm becomes  greater,  until  at  last  the  resistance  offered 
to  it  by  the  little  ball  of  food  matter  is  sufficiently  great 
to  carry  it  away  from  the  pharynx.  It  then  travels  round 
with  the  medullary  current. 

While  contained  in  these  travelling  vacuoles  (d.v),  the  food 
material  is  gradually  digested  by  a digestive  fluid  secreted  by 
the  protoplasm,  in  which  the  vacuoles  lie.  After  these  have 
completed  one  or  two  rotations,  most  of  the  soluble  part  of 
the  contained  food  is  digested  and  only  insoluble  debris 
remains.  This  is  then  carried  by  the  vacuoles  towards  a 
spot  (v.e)  just  behind  the  buccal  depression,  and  here  it  is 
ejected  to  the  exterior.  The  point  at  which  this  egestion 
continually  occurs  is  called  the  “ anal  spot,”  and  the  vacuole 
which  opens  to  the  exterior  is  known  as  a vacuole  of  eges- 
tion. 


Towards  either  end  of  the  medulla  there  is  situated  a 
pulsating  or  contractile  vacuole  (c.v).  They  are  very 
similai  to  those  in  Amoeba , but  in  Parcunoeciiun  they  are 
constant  in  position,  continually  reappearing  in  the  same 
spot.  Each  one  commences  as  a minute  drop  of  fluid  in  the 
medulla,  and  presently  from  six  to  ten  rays  appear  around  it ; 
these  soon  become  bigger  and  longer,  and  ultimately  open 

lnt°  ithC  centraI  droPi  which  has  also  been  getting  larger. 
Suddenly  they  flow  together  and  then  the  fluid  content  is 
discharged  through  minute  canals  to  the  exterior.  The  fluid 
content  is  nitrogenous  in  nature  and  appears  to  be  allied  to 
the  guamn  excreted  by  the  kidneys  of  birds.  The  pulsating 

s»Lrear  the,efore  to  be  the  ^ °f 

Respiration  takes  place  over  the  whole  surface  of  the  body, 
inwards"3"1^  °Ut  *°  ^ surlounc*‘nSwater  a|ul  oxygen  passing 

Lying  in  the  middle  of  the  medulla  is  a large  oval  nucleus, 
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(mg),  which  is  peculiar  in  that  it  stains  uniformly  and  does 
not  show  the  existence  of  any  chromatin  grains  or  network. 
Situated  quite  near  it  there  is  in  some  species  one  smaller 
nucleus,  and  in  other  species  two  smaller  nuclei  (mi),  usually 
situated  one  at  either  end  of  the  larger  one.  These  exhibit  a 
grain  of  concentrated  chromatin  when  they  are  stained. 
The  larger  nucleus  is  called  the  meganucleus  and  the  smaller 
ones  the  micronuclei. 

During  ordinary  trophic  (vegetative  or  nutritive)  existence, 
the  micronuclei  are  small  and  the  chromatin  concentrated 
into  a single  granule.  But,  as  we  shall  later  see,  when  sexual 
reproduction  is  taking  place,  they  become  larger  and  their 
chromatin  becomes  more  apparent. 


Reproduction 


In  Paramcecium  reproduction  may  be  either  asexual  or 
sexual. 

In  asexual  reproduction  the  organism  constricts  across  the 
middle  of  its  length  and  the  two  individuals  thus  formed  swim 
away  (Plate  I,  left-hand  figure).  The  process,  however,  is 
not  a simple  one  of  mere  fission  in  the  sense  implied  that  we 
have  simply  cut  some  body  into  two.  The  details  of  the 
process  appear  to  be  as  follows  : a second  mouth  (g)  first 
makes  its  appearance  and  then  each  of  the  two  contractile 
vacuoles  (c.v)  apparently  divides  into  two.  Around  the  new 
mouth  new  cilia  are  developed.  The  cortex  th'en  constricts 
in  about  the  middle  of  the  organism  and  forms  a furrow 
encompassing  it.  At  about  the  same  time,  the  micronuclei 
(me)  are  seen  to  enlarge  and  to  elongate,  and  the  charac- 
teristic appearances  of  a mitosis  (nuclear  division)  become 
visible.  The  meganucleus  (mg)  then  elongates,  becomes 
constricted  in  the  middle,  and  presents  a longitudinally 
fibrillated  appearance.  The  process  of  actual  division  then 
begins  ; it  proceeds  in  the  following  order  : division  of  the 
micronuclei  into  two,  followed  by  that  of  the  meganucleus, 
and  subsequently  that  of  the  protoplasm  of  the  cell  itself. 


CILIATED  PROTOZOA 


69 


Sexual  Reproduction 
Conjugation 

There  are  several  species  of  Paramoecium , and  in  some 
there  are  two  micronuclei,  while  in  others  there  is  only 
one.  The  process  ot  sexual  reproduction  is  a little  simpler 
in  those  species  with  a single  micronucleus,  and  we  shall  there- 
fore consider  the  mode  of  reproduction  in  such  a species. 

The  first  stage  is  the  temporary  association  of  two  indi- 
viduals which  become  applied  by  their  ventral  surfaces  (Plate 
I,  Fig.  1).  The  meganucleus  (mg)  at  first  undergoes  no  change 
(Plate  I,  Fig.  1).  The  micronucleus  in  each  individual  divides 
into  two  (Fig.  2).  One  of  the  two  then  becomes  absorbed,  and 
the  remaining  one  begins  to  lengthen  and  divide  (Fig.  3,  2nd). 
The  division  becomes  completed,  and  there  are  now  two 
micronuclei  in  each  organism  (Fig.  4).  Of  these  one  remains 
stationary,  and  may  be  called  the  female  pronucleus  (Fig.  5,  f), 
while  the  other  (m)  in  each  individual  migrates  over  into  the 
protoplasm  of  its  fellow  conjugant.1  The  migratory  nuclei  (m) 
may  be  called  the  male  pronuclei.  The  position  reached  is 
this  : There  are  two  associated  organisms.  In  each  individual 
is  a female  pronucleus,  that  arose  within  itself,  and  a male 
pronucleus,  which  it  received  from  its  fellow  conjugant. 
At  about  this  period  the  two  individuals  separate  (Fig.  6), 
and  the  male  and  female  pronuclei  now  fuse  to  form  a 
single  cleavage  nucleus  (Fig.  7).  This  then  begins  to  lengthen 
and  subsequently  divides  into  two.  The  two  divide  again 
(Fig.  8),  so  that  in  both  conjugants  there  are  four  nuclei.  Two 
of  these  begin  to  enlarge,  and  ultimately  they  form  the  new 
meganucleus  (Fig.  8,  mg),  while  the  remaining  two  become 
tie  new  micronuclei  (mi).  Each  conjugant  thus  contains 
two  meganuclei  and  two  micronuclei.  At  about  this  stage, 
a longitudinal  plane  of  division  appears  in  each  of  the  con- 
jugants,  which  passes  down  and  divides  the  four  nuclei 
into  two  sets  (Fig.  8) ; each  set  contains  both  a mega- 
nucleus and  a micronucleus.  Along  this  plane  fission  into 

The  term  “conjugant”  means  a conjugating  individual. 
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two  individuals  occurs,  resulting  therefore  in  the  multipli- 
cation of  the  original  two  conjugating  individuals  into  four. 

In  some  cases  the  cleavage  nucleus  (Fig.  7)  may  divide 
more  than  twice,  and  there  will  then  result  more  than  four 
individuals. 

While  these  changes  of  the  micronuclei  are  going  on,  the 
meganucleus  becomes  first  tuberculated  (Fig.  4),  and  then 
breaks  up  into  particles  (Figs.  5 and  6).  Ultimately  they  are 
absorbed  by  the  cell  protoplasm,  and  possibly  maybe  utilized 
as  food  material  to  supply  the  energy  involved  in  the  nuclear 
divisions  and  growth. 

A survey  of  the  facts  thus  shows  us  two  things  in  relation 
to  sexual  reproduction  in  this  organism.  First,  it  is  appa- 
rently not  the  protoplasms  of  the  two  cells  which  coalesce 
and  mingle  ; it  is  quite  clearly  not  the  two  individuals 
themselves  which  conjugate  or  fuse.  The  actual  conjugat- 
ing bodies  are  the  micronuclear  elements,  the  male  and 
female  pronuclei.  This  fact  points  to  the  conclusion  that  it 
is  the  nuclear  elements  which  hereditarily  transmit  the 
qualities  of  a race,  rather  than  the  cell  protoplasm.  There 
are,  however,  some  observations  which  render  it  possible 
to  believe  that  in  some  exceptional  cases  the  protoplasm 
of  the  cell  may  play  this  part.  But  the  rule  is  otherwise. 

In  Spirogyra  (p.  43)  and  in  Monocystis  (p.  82)  we  have  a 
conjugation  where  not  only  do  the  nuclei  fuse,  but  the 
protoplasm  of  the  cell  does  so  too. 

In  the  second  place,  we  cannot  distinguish  morphologi- 
cally between  the  two  conjugating  nuclei  formed  in  each 
individual.  In  staining  capacities,  in  size  and  in  form,  they 
are  practically  identical.  The  only  distinction  we  can  make  is 
of  a physiological  kind,  one  migrates  and  the  other  does  not. 

But  the  point  we  wish  to  emphasize  is  this  : that  in  these 
cases  ( Paramcccium , Monocystis , Spirogyra , &c.)  there  is  no 
morphological  differentiation  into  male  and  female  sex-cells,  : 
differing  markedly  from  each  other.  A sexual  reproduction,  1 
where  the  two  uniting  sex-cells  (gametes)  are  similar  or 
identical  in  morphological  characters,  is  spoken  of  as  con- 
jugation. 


PLATE  I 


(?.P 1 1’fiure;  Ventral  or  under  view  of  Paramoecium.  Left-hand  iieure  Pannim-inm 
multiplying  hy  transverse  fission.  Figs.  1-8.  Different  phases  in  conkigatio”  F,u 
Tvvo  conjugants  associated.  l<ig.  2.  Micronucleus  divided  into  two.  Fii/%  One  of5  the 
two  resulting  nuclei  has  disappeared  (represented  by  faint  circle)  and  the  other  Ond)  is 

anddfe^fpronuiL4s  T Maff  C™?let?d-  with  the  promotion  o/a'n^e 

ana  lemaic  pronucleus.  Fig.  3.  Male  pronucleus  in  each  coniuuant  is  about  in  mi  a rite 

eoni„l°  t lC  conjugant  Fig.  6.  Migration  completed ^ and  separation  of  the  two 
’ * 1®',  -7'  1 usl?n  “ i10  ,male  and  female  pronuclei  to  form  segmentation  nucleus 
o ht  thT6  ' nu,cleus  c !VK  es  mto  tw°.  one  becoming  a new  meganuclcus  and  the 
other  the  new  micronucleus.  F-ach  con  ugant  divides  loffgitudinallv  c cilia  cu  cnii.-l . ■ 
c.v,  contractile  (pulsating)  vacuole;  d.v,  digestive  vacuole  ; ec  'ccmsarc^ : 
en,  endosarc  (endoplasm) ; f,  female  pronucleus ; g,  ‘•gullet"  (buccal  depression) ’ 
ce,  oesophagus  ' ("pharynx") ; m,  male  pronucleus ; m.c,  m.cronuc  eus ; mg  megmSifs '• 
substance°11UC  eUS  ’ tP'  lncll0c>'sls  ; v’e-  vacuole  o.  eg’estion,  dlschargi^inso” 
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Two  features  in  the  processes  of  reproduction  in  Para- 
mcecium  are  worthy  of  notice.  The  first  is  that  the  new 
meganucleus  is  not  derived  from  the  old  one,  but  is  a direct 
product  of  micronuclear  bodies.  The  second  is  the  apparent 
futility  and  waste  of  energy  involved  in  the  disappearance 
of  one  of  the  two  micronuclei  which  result  from  the  first 
division  (Fig.  3),  since  the  remaining  one  (Fig.  3,  2nd)  has 
to  divide  again  in  order  to  produce  two  nuclei  (Fig.  4),  thus 
simply  restoring  the  condition  seen  in  Fig.  2.  Some  sort 
of  explanation  of  this  curious  phenomenon  may  be  reached, 
in  light  of  modern  knowledge,  by  the  following  considera- 
tions : — 


Individuals  of  Paramcecia  are  not  only  vegetative  indi- 
viduals (zygotes),  but  they  are  also  sex-cells  (gametes).  We 
have  no  reason  to  believe  that  all  individuals  of  Paramcecia 
are  identical.  Their  size,  ratio  of  length  and  breadth,  activity, 
powers  of  resistance,  and  other  qualities  are  very  probably 
different  in  different  individuals.  If  this  is  so,  then  when 
two  individuals  conjugate  and  part  of  the  micronuclear  ele- 
ments of  both  is  exchanged  with  subsequent  fusion  with 
another  part  of  the  micronuclear  element  which  remains 
in  each  individual,  it  follows  that  each  such  conjugant  is 
carrying  two  sets  of  alternative  qualities.  There  are  those 
which  belong  as  it  were  to  itself,  and  there  are  those  derived 
from  its  fellow  conjugant.  The  hereditary  factors  which 
epresent  each  of  these  two  sets  of  qualities  may  be  carried 
m the  single  micronucleus  of  each  individual.  If  this  nro- 
cess  were  to  go  on  indefinitely,  the  micronuclei  of  the 

faXlTall  tl  W0Ul?  be  the  hereditary 

actors  of  all  the  qualities  of  their  remote  ancestry  exteml 

m«  b,ack  to  millions  of  years.  Thfs SC  “ ' 
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There  are  reasons  which  justify  us  in  believing  that  this 
segregation  of  alternative  ancestral  qualities  (namely,  short- 
ness versus  length,  capacity  for  greater  speed  versus  capacity 
for  slower  speed,  and  so  on)  may  occur  at  this  first  division 
of  the  micronuclei  (Fig.  2).1  The  nucleus  which  disappears 
carries,  let  us  assume,  the  factors  which  determine  short- 
ness, and  the  one  which  remains  those  which  determine 
length,  or  vice  versa.  It  consequently  follows  that,  if  this 
postulate  be  true,  we  may  have  three  conditions  of  heredi- 
tary transmission  arising  from  the  conjugation  of  two 
Paramcecia.  For  the  nuclear  contents  of  some  Paramcecia 
may  be  carrying  the  factors  of  shortness  and  those  of  others 
the  factors  of  length.  Hence  when  two  conjugants  meet  we 
may  have  the  following  possible  matings  : — 

Shortness  x Shortness  = pure  for  shortness. 

Length  x Shortness  = hybrid. 

Length  x Length  = pure  for  length. 

Such  a postulate,  at  any  rate,  affords  a rational  explanation 
for  a phenomenon  which  is  otherwise  quite  meaningless. 
Moreover,  such  segregation  of  ancestral  characters  has  been 
experimentally  demonstrated  in  higher  forms.  It  is  then 
known  as  Mendelism  or  Mendelian  segregation. 

Regarding  Paramoecium  from  another  standpoint,  several 
other  features  of  interest  are  observable.  These  involve  the 
relationship  and  nature  of  the  two  kinds  of  nuclei  which  are 
present.  In  Amoeba,  as  we  have  seen,  only  one  kind  of 
nucleus  exists.  In  endeavouring  to  fathom  the  meaning  of 
the  double  nuclear  content  in  Paramoecium , we  have  to  bear 
in  mind  the  suggestive  fact  that  during  the  trophic  or  vegeta- 
tive stage  of  existence  the  meganucleus  is  large,  while  the 
micronuclei  are  small.  On  the  other  hand,  as  soon  as  the 
trophic  phase  becomes  no  longer  the  dominant  one,  but  is 
as  it  were  overshadowed  by  the  sexual  phase,  then  the 
meganucleus  breaks  up  and  disappears,  ostensibly  supplying 

' The  student  should  compare  this  phenomenon  with  the  formation  of  the 
first  polar  body  or  first  reduction  division  in  the  maturation  of  the  germ  cells 
of  the  Metazoa  (p.  324). 
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nourishment  for  the  conjugating  individuals  at  the  time  when 
feeding  in  the  usual  way  is  not  possible.  And  it  is  at  this 
time  that  the  micronuclei  enlarge  and  assume  a state  of 
marked  activity.  Clearly,  then,  these  facts  suggest  that  the 
meganucleus  corresponds  to  the  nuclei  of  the  somatic  (body) 
or  vegetative  cells  of  the  Metazoa,  while  the  micronuclei  re- 
present the  nuclei  of  their  germinal  (gametic)  cells. 

If  this  is  so,  we  can  no  longer  regard  Paramcecium  as  a 
unicellular  organism,  for  clearly  its  nuclei  afford  an  indication 
that  its  body  is  constituted  by  at  least  two  types  of  cells. 
But,  of  course,  it  is  all  a matter  of  definition.  If  we  regard 
a single  cell  as  being  constituted  by  a single  mass  of  proto- 
plasm enclosing  one  or  several  nuclei,  then  Paramcecium  may 
be  thought  of  as  a single  cell.  But  the  logical  extension  of 
such  an  idea  leads  us  into  some  difficulties,  for  then  we  must 
regard  the  syncytial,  striped,  multinucleated  muscle  fibre  of 
a Vertebrate  as  a single  cell.  And  the  development  of  the 
muscle  fibre  shows  that  such  a conception  of  it  is  not 
justified. 


A further  feature  of  interest  arises  when  we  put  the  ques- 
tion : Why  is  the  new  meganucleus  derived  from  the  micro- 
nuclear  elements  instead  of  from  the  old  meganucleus  ? 
The  answer  may  be  found  in  the  general  biological  necessity 
that  some  unit  must  serve  as  the  hereditary  carrier  of  all  the 
qualities  of  the  race.  With  but  few  doubtful  exceptions 
everything  points  to  the  conclusion  that  it  is  the  germinal 
nucleus  which  plays  the  part  of  this  unit.  We  have  just  seen 
reason  to  regard  the  micronuclei  as  the  representatives  of  the 
germinal  nuclei  of  higher  forms.  Granting  this,  then  the 
micronucle1  of  Paramcecium  will  be  carrying  all  the  factors 
that  determine  the  hereditary  qualities  of  its  race.  Now 
mong  such  qualities,  those  that  determine  the  possibility  of 

nour'shme  t__thal  iS)  th(,  me,abo|ic  processes_its  exte  i(s 

ate  Us  nature,  and  so  on,  rank  as  very  important  ones.  But 

It  thl-T"  eVi,;lenCe  Sh°W  ,hat  “ is  the  "licronuclei 
of  the  eganucleus  which  controls  the  general  metabolism 

nuckuslriSm;  • “a  thiS  iS  SO’  *»“  body — the  meg" 

nee  it  is  derived  from  the  micronuclei  which  do 
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not  control  the  vegetable  or  nutritive  processes,  may  be 
looked^upon  as  a segregation  from  them  of  those  total  factors 
which  are  concerned  in  determining  the  general  metabolism 
of  the  individual.  Thus  again  an  appeal  to  the  conceptions 
turning  around  the  phenomena  of  segregation  enables  us  to 
explain  what  in  some  respects  appears  to  be  a paradoxical  or 
inexplicable  condition  of  affairs. 


CHAPTER  XI 


THE  SPOROZOA,  OR  THE  PARASITIC  PROTOZOA 

Monocystis 


THE  parasitic  Protozoa  are  forms  which  do  not  live  an 
independent  and  free  existence,  but  derive  their  nutri- 
ment from  the  hosts  which  they  infest.  They  are  of  very 
wide  distribution,  and  there  is  probably  no  class  or  order  of 
the  Metazoa  free  from  their  presence.  They  infest  both  the 
external  tissues  and  internal  organs  of  their  hosts.  Some  live 
throughout  almost  their  whole  existence  as  intracellular  para- 
sites within  epithelial  or  blood-cells,  while  others  pass  part 
of  their  life  in  some  cavity  of  the  host,  such  as  the  gut,  blood- 
spaces,  or  coelom. 


Their  effects  upon  the  host  vary  widely.  As  a rule  the 
host  appears  to  be  unaffected  by  their  presence.  Host  and 
parasite  seem  to  have  attained  a position  of  stability  : the 
host  does  not  poison  the  parasite  and  the  parasite  does  not 
injure  the  host.  It  is  a mutual  accommodation  which  has 
been  brought  about  by  the  elimination  of  hosts  which  were 
too  susceptible  to  parasites  and  of  parasites  which  were 
not  immune  to  the  influences  of  the  host.  We  have  to 
bear  in  mind  that  the  adjustment  of  a parasite  to  its  host 
is  one  of  the  greatest  conceivable  nicety,  and  a slight  dis- 
turbance of  the  even  balance  results  in  the  destruction  of 
either  the  one  or  the  other.  It  is  probably  due  to  this  fact 

cnnnfWe  °mvf  dlsaPPearance  of  malarial  fever  in  this 
countiy.  The  balance  between  the  English  Anopheles  gnat 

• ' the  ™alanal  fever  sporozoan  was  disturbed  and  the  para- 

* J * no Jonger  live  successfully  in  the  stomach  of  the 
gnat.  Possibly  some  chemical  mutation  occurred  in  the 
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juices  of  the  stomach  of  the  English  Anopheles , which 
rendered  it  impossible  for  that  particular  phase  in  the  life 
of  the  malarial  parasite  which  normally  played  its  part  there 
to  any  longer  maintain  itself. 

But  though,  as  a rule,  parasite  and  host  are  in  even 
balances,  there  are  cases  where  the  advantage  lies  with  the 
parasite,  and  disease  or  death  with  the  host.  Europeans 
visiting  malarial  districts  in  the  Tropics  for  the  first  time  are 
very  prone  to  suffer  more  or  less  severely  from  malaria. 
And  even  lower  forms  of  life  may  succumb  to  the  attacks  of 
protozoal  infection. 

Parasites  are  biologically  regarded  as  degenerate  forms. 
They  differ  from  the  free  living  members  of  their  class  in 
very  definite  ways.  A comparison  of  the  parasitic  Monocystis 
with  the  free  living  Protozoa  we  have  already  studied  brings 
out  these  differences  quite  clearly.  Amoeba  and  Paramcecium 
both  ingest  their  food  in  the  form  of  solid  particles.  Mono- 
cystis, which  lives  the  greater  part  of  its  life  cycle  in  the 
seminal  vesicle  of  earthworms,  absorbs  its  nutriment  in 
a liquid  form  from  the  juices  of  its  host.  This  absorption 
takes  place  over  the  whole  surface  of  the  parasite’s  body,  doubt- 
less largely  by  osmotic  processes.  There  are  thus  no  special 
digestive  organs  ; gullets,  pseudopodia,  and  digestive  vacuoles 
are  all  absent.  Again,  the  excretion  of  waste  matter  proceeds 
over  the  whole  surface  of  Monocystis  : there  are  no  contractile 
vacuoles  as  in  Amoeba  and  Paramcecium.  Neither  does  Mono- 
cystis possess  any  definite  organs  of  locomotion.  In  Amoeba 
there  are  pseudopodia,  and  in  Paramcecium  there  are  cilia.  A 
limited  sort  of  movement  is  possessed  by  the  parasite  at  a 
certain  phase  in  its  life  cycle,  but  organs  of  locomotion  are 
altogether  absent.  While,  however,  in  its  vegetative  organs 
a protozoan  parasite  manifests  degeneration,  we  shall  find 
that  its  reproductive  processes  are  highly  elaborated.  The 
end  attained  by  this  elaboration  is  a greatly  increased  power 
of  rapid  and  extensive  multiplication. 

Monocystis  cannot  live  indefinitely  in  a single  earthworm  ; 
sooner  or  later  the  worm  will  die,  or  its  parasite  will  have 
multiplied  to  such  an  extent  that  the  food  supplies  available 


SPOROZOA,  OR  THE  PARASITIC  PROTOZOA  77 


in  the  host  will  not  sufficiently  avail  for  the  sustenance  of  the 
parasite.  Then  it  must  pass  to  another  host.  But  it  is  at  this 
stage  that  the  dangers  of  destruction  loom  large  for  the  para- 
site. Monocystis  is  not  so  constituted  at  the  stage  when  it 
passes  from  one  host  to  another  that  it  can  spontaneously 
migrate  in  search  of  a new  host,  for  it  now  exists  as  spores, 
which  are  quite  passive  and  are  encysted  in  a closed  cyst. 
The  probabilities  of  these  reaching  another  host  are  remote. 
But  unless  they  can  do  so  the  race  will  cease  to  exist.  The 
dangers  of  destruction  at  this  stage  of  the  parasite’s  existence 
are  reduced  by  the  enormous  number  of  spores  which  are 
produced.  “ Many  are  called  but  few  are  chosen.”  Of  the 
hundred  thousands  produced  but  few  ever  reach  a second 
host-worm.  But  they  are  enough  to  perpetuate  and  maintain 
the  race  in  time  and  space. 

The  destruction  of  potential  individuals  is  enormous.  At 
first  sight  it  may  appear  that  here,  perhaps,  it  is  not  wholly  a 
question  of  “fit”  or  “unfit,”  because  among  the  destroyed 
may  be  the  “fittest”  and  among  the  “chosen”  may  be  the 
unfittest.  Doubtless  there  is  some  truth  in  this.  Chance  to 
a great  extent  determines  which  among  many  thousand  cysts 
shall  be  swallowed  by  a worm  not  yet  infested.  But  time 
brings  all  things  ; and  the  individuals  which  possess  the  most 
protective  cysts  and  the  most  resistant  spores  will,  in  the 
long  run,  survive  as  the  procreators  of  their  race.  The  spores 
which  can  survive  the  longest  have  increased  chances  of 
being  swallowed  by  a worm,  and  the  passive  struggle  in 
which  survival  or  elimination  is  determined  may  be  waged  in 
the  fleeting  interval  of  one  short  hour,  more  or  less. 

Monocystis  belongs  to  an  Order  of  the  Sporozoa  called  the 
Gregarinida.  This  Order  is  characterized  by  the  structural 
complexity  which  its  individuals  manifest.  But  Monocystis  is 
one  of  the  simple  forms  among  the  Order.  The  life  cycle  is 
relatively  simple,  and  the  vegetative,  trophic,  or  nutritive 

stage  is  quite  clearly  marked  off  from  the  reproductive 
phase. 

The  individuals  of  Monocystis  at  the  stage  of  their  vegeta- 
tive or  trophic  existence,  when  they  are  simply  imbibing 
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fluid  nutriment  and  growing,  are  called  trophozoites.  One  of 
the  characteristic  features  of  this  Order  is  that  the  tropho- 
zoite commences  its  life  as  an  intracellular  parasite  within  an 
epithelial  cell,  and  never  in  a blood-corpuscle.  Within  this 
cell  it  grows  by  absorption  of  nutriment  contained  within  it, 
and  when  it  has  grown  beyond  the  bounds  of  the  cell,  it 
bursts  out  from  it  into  some  cavity  of  its  host.  This  may  be 
the  intestinal  cavity,  or  a blood-space,  or,  as  in  Monocystis,  a 
ccelomic  space.  Here  it  grows  still  more  by  further  absorp- 
tion of  nutriment  from  the  fluids  of  the  host,  and  then  passes 
on  to  the  reproductive  phase,  subsequently  coming  back 
again  to  the  trophozoite  stage. 

We  may  now  pass  to  consider  the  details  of  the  life-history 
of  this  particular  parasite. 

Structure  and  Life  History  of  Monocystis 

The  life-history  of  any  individual  constitutes  a cycle.  It 
commences  at  a given  point,  and  comes  back  again  to  it. 
The  study  of  a cycle  may  be  begun  at  any  point,  since  in  fol- 
lowing the  sequence  of  events  which  constitute  it,  we  shall 
arrive  again  at  the  point  from  which  we  started.  But  some 
phases  in  a life  cycle  seem  to  mark  themselves  more  obviously 
lifted  for  a beginning  than  others.  In  Monocystis  this  phase 
is  shown  in  Plate  II,  Figs,  i or  9.  The  individual  at  either 
of  these  two  phases  is  a merely  vegetative  organism.  It  is 
absorbing  nutriment  from  its  host.  Its  activities  are  wholly 
those  of  assimilation  and  growth  ; they  are  what  we  collec- 
tively designate  as  trophic.  It  is  the  period  of  youth  of 
Monocystis.  It  is  building  up  its  living  substance  and  gather- 
ing energy  for  later  and  more  important  work,  that  of  repro- 
duction. The  beginning  of  its  infancy  is  shown  in  Fig.  9, 
Plate  II.  It  is  seen  to  be  at  this  stage  a microscopic  spindle- 
shaped  organism  (sp),  with  a centrally  situated  nucleus  and 
a finely  granular  protoplasm.  It  penetrates  one  of  the  sperm- 
morulae  (sp  mr)  which  are  floating  in  the  fluid  of  the  seminal 
vesicles  of  the  earthworm.  It  gains  entrance  by  a sort  of 
wriggling  and  wave-like  motion,  lumping  up  its  protoplasm 
at  its  front  end,  and  then  lengthening  itself  a little  forwards 
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into  the  protoplasm  of  the  sperm-morula.  By  a succession 
of  such  movements  it  ultimately  gains  complete  entrance  to 
the  central  part  of  the  morula.  Here  it  ceases  its  movements 
and  becomes  wholly  passive.  It  has  now  definitely  entered 
upon  the  trophic  stage  and  is  called  a young  trophozoite. 
It  assumes  a rounded  form  and  begins  at  once  to  absorb 
nutriment  from  the  sperm-morula  (Fig.  9).  It  doubtless 
achieves  this  by  the  secretion  from  its  surface  of  a digestive 
ferment  which  renders  the  protoplasm  of  the  sperm-morula 
soluble  and  diffusible.  With  nothing  more  to  do  but  to  feed 
at  the  expense  of  its  host,  it  grows  rapidly,  passing  from  a 
spherical  form  to  an  oval  one.  It  soon  becomes  as  big  as  the 
sperm-morula,  and  later  bigger  than  it.  Then  it  inevitably 
bulges  out  the  thin  pellicle  of  the  protoplasm  of  the  sperm- 
morula  in  which  it  is  enveloped.  Ultimately  the  parasite  is 
liberated  entirely  by  the  dissolution  of  this  thin  envelope,  and 
it  now  floats  freely  for  a time  in  the  cavity  of  the  seminal 
vesicle.  In  most  cases,  it  later  attaches  itself  to  one  of  the 
1 epithelial  cells  of  the  wall  of  the  seminal  vesicle  or  of  the 


ciliated  rosette  of  the  vas  deferens,  and  continues  in  this 
situation  to  absorb  nutriment  and  to  grow. 

By  this  time  it  has  lost  the  oval  form  and  has  assumed  an 
elongated  one  (Plate  II,  Fig.  1).  It  is  now  easily  visible  to  the 
naked  eye,  so  much  has  it  grown.  In  Monocystis  magna  it 
may  be  a quarter  of  an  inch  in  length.  Examination  of  the 
' trophozoite  at  this  stage  shows  it  to  be  a uninucleated  organ- 
ism  composed  internally  of  a softer,  granular  endoplasm  or 
medulla  (Fig.  1,  en),  and  an  outer,  clear,  denser  ectoplasm 
or  cortex  (ec).  Externally,  the  ectoplasm  is  chemically 
and  physically  differentiated  to  form  a thin  but  distinct 
cu  icle.  The  cortex  is  contractile,  and  this  enables  the 
1 organism  to  perform  certain  limited  movements,  by  which  it 
moves  from  one  point  to  another  within  the  vesicle,  or  to 
t0  its  walL  The  contractility  is  doubtless 
innlv  H r? resence  “ the  e<d°plasm  of  a number  of  exceed- 

(nnlld™  fiTentS’,Called  the  my  ocy  f e_  fi  brillce.  The  nucleus 

i apoearanee  T T JIe  °f  ‘he  eildol)Iasi,1i  and  presents  the 

1 of  a clear  vesicle,  containing  a number  of  darkly 
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staining  granules,  called  the  karyosomes.  These  are  really 
concentrated  grains  of  chromatin,  which  are  embedded  in  a 
feebly  staining  substance  called  plastin.  Karyosomes  in 
general  appearance  and  situation  resemble  the  nucleoli  of 
the  cells  of  higher  types,  but,  unlike  them,  they  contain 
chromatin. 

At  a certain  stage  the  trophic  processes  no  longer  consti- 
tute the  sole  function  of  the  parasite.  It  passes  now  from 
adolescence  to  its  adult  stages.  The  passage  from  the  one  to 
the  other  is  at  first  marked  by  no  structural  change.  But 
some  physiological  alteration  of  great  moment  supervenes.  It 
is,  if  we  may  so  express  it,  the  shadow  cast  by  the  coming 
events  of  the  individual’s  further  history.  For,  here  as  in 
other  cases,  physiological  processes  precede  structural 
changes.  Without  any  obvious  or  conceivable  external 
stimuli  to  induce  the  change,  we  find  the  trophozoites  now 
leaving  their  attachments  to  the  wall  of  the  seminal  vesicles  and 
becoming  associated  in  pairs  (Plate  II,  Fig.  2).  It  is  a period 
comparable  to  that  of  courtship  in  the  higher  rungs  of  life.  It 
is  to  be  carefully  noticed  that  at  this  stage  there  is  no  actual 
conjugation;  it  is  merely  one  of  association,  or  going  together. 
The  individuals  at  this  stage  are  evidently  entering  upon  a 
new  phase  of  activity,  and  it  is  necessary,  in  our  descriptive 
language,  to  distinguish  them  from  the  trophozoites.  They 
are,  therefore,  called  gametocytes,  or  “ marriage  cells.  ’ 

There  next  follows  a structural  change,  for  the  gametocytes 
assume  a rounded  form  (Plate  II,  Fig.  3),  and  undergo  some 
degree  of  rotatory  motion.  Then  they  secrete  around  them- 
selves a cyst  which  is  common  to  them  both.  The  cyst  is  of 
double  thickness,  consisting  of  an  outer  gelatinous  coat,  called 
the  epicyst,  and  an  inner  thinner  but  tougher  one,  the  endo- 
cyst. 

The  nucleus  of  each  gametocyte  undergoes  a series  of 
nuclear  divisions  by  mitosis  (infra,  p.  31 1).  The  divisions  are 
numerous  and  follow  each  other  with  some  rapidity.  The 
resulting  nuclei  are  therefore  very  small.  While  these 
changes  are  going  on  the  karyosomes  become  dissolved.  At 
a certain  point  the  divisions  cease,  and  the  small  nuclei  travel 
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to  the  circumference  or  periphery  of  the  gametocyte.  Here 
they  become  regularly  arranged  a little  way  beneath  the 
surface,  and  the  peripheral  protoplasm  becomes  constricted 
or  furrowed  around  each  nucleus  (Plate  II,  Fig.  4).  This  pro- 
duces a large  number  of  little  nodules  (d.ga)  lying  upon  the 
surface  of  the  gametocyte,  and  each  one  of  these  contains  a 
nucleus.  Eventually  the  constrictions  deepen,  and  cut  off 
the  nodules  from  the  central  part  of  the  gametocytes.  The 
single  nucleated  masses  of  protoplasm  thus  produced  are,  as 
we  shall  see,  sex-cells,  and  are  named  gametes  (Plate  II,  Fig. 
5,  ga).  The  central  portion  of  the  gametocyte,  as  a rule,  con- 
tains no  nuclei,  and  ultimately  it  disorganizes  ; it  becomes  the 
cystal  residue. 


At  this  stage  the  cyst,  which  originally  enclosed  the  two 
gametocytes,  now  contains  a large  number  of  gametes 

sliZ  ff°,m  th^  and  embedded  in  disorganized  and 
y cystal  residue.  There  now  commences  a remarkable 
vi  ra  01  y motion  of  the  gametes,  sometimes  spoken  of  as  the 
dance  of  the  gametes”  The  dance  slows  down,  and  after 

In^  d Z116  f Tt6S  COnju§ate  in  Pairs  (Plate  II,  Fig  6) 

n a two  l C f tgGS  m thC  SCt  °f  coniuSation  are  shown 
In  a two  gametes  have  just  come  into  contact  In  b the 

“aZte  InVr  ^ the  *-lei  still  remam 

g separate.  In  c the  nuclei  are  approaching  each  other 

and  the  °f  ^ CdIs  has  completely  merged 

and  the  „„cle.  are  begi„ning  to  ,use  with  ‘ otyher 

fn",l°eiCr " TnIeteb’dnl!  b°th  ““  XI 

potentialities  of  twt  cells,  „5,  on“  ’ ^ / ep^seiTheT  ^ 
llng  of  a new  generation.  epresents  the  begin- 

A moment’s  consideration  will  show  n<;  fw  +1, 

Possibilities  in  the  formation  nf  fi  , that  there  are  two 

>ee„  formed  by  tL  eo“  iu  " tion  “l\,porobI"t  Either  it  has 
rom  the  same  gametocyte  or  h T/  gametes' bolh  derived 
iametes  one  ofThlch  ?s 'denvZ,  ^ COn)'ugali°"  °f  two 
ametocytes,  and  ™e  from  th ^ other°' V*  °f  two 
> that  the  latter 
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In  that  case,  it  is  clear  we  shall  have  the  gametes  of  two 

different  individuals  conjugating. 

The  sporoblast,  soon  after  its  origin,  begins  to  grow  and  to 
secrete  a cyst,  the  sporocyst,  around  itself  (Plate  II,  Fig. .7, 
on  cv')  This  growth  continues,  and  is  accompanied  wit 
an'  alteration  in  form,  since  the  sporocyst  ultimately  become 
an  oval  body  with  thickened  extremities  (Plate  II,  Fig.b, 
socvl  Meanwhile  the  protoplasm  of  the  sporoblast  has 
segmented  into  eight  little  masses,  each  containing  a nucleus 
These  are  the  sporozoites  (Plate  II,  Fig.  8,  sp.z)  At  first 

they  are  arranged  around  a central  axis  of  spora  residual 
protoplasm,  derived  from  that  part  of  the  sporobias^whidi 
took  no  part  in  the  formation  of  the  sporozoites.  But 
they  come  to  lie  irregularly  within  the  sporocyst. 

The  condition  of  affairs  which  is  now  reached  is  this 
In  the  seminal  vesicles  of  an  earthworm  are  a number  of 
trophozoites.  These  associate  in  pairs,  and  then  become 
gametocytes.  Each  pair  forms  a common  cyst  Within  tins 

Lh  sporobl'asts 

conjugation  in  pairs,  p , this  divide 

form  around  ihemselves  a s|totocyst,  m^  within  tins ^d^^ 

into  eight  sporozoites.  The  large toyst^  & ,arge 

the  paired  gumetocytes  h J ^ of  these 

nUmbeb(t°oUrozodes  In  the  Seminal  vesicles  of  the  earth- 
are  eight  sporozoite  . may  be  found. 

WXanexTpir  In  the  hte-histofy  is'a  little  doubtful  The 
I he  next  P destined  to  continue  the 

spores  (sporozoit, =s)  wtocl  within  , cyst,  and  this 

existence  of  the  rac  o that  these  cysts 

is  agui"  It  ^ 

haVe  Me" That  they  will  be  dissolved  there.  Indeed,  all 

seem  probable  that  they  ession  points  to  the  con- 

the  evident  we  ^“ievelopment  occurs  within  this  the 
elusion  that  no  ,f  R did*  and  each  spore  became  a 

trophozoite,  we  should  expect t to  see  a «■  y th  ’ 

ZZS&rsZtZX  «’«. — “ 


PLATE  II 


Two  associated  garnetocytesf* °enca-ed  in  2'  Two  assoc>ated  gametocytes  Fig  a 
f0rMatl0n  of  Stages  in  the 


formation  of  gametes  from  th?n°S^  ‘n  3 cT"lon  cyst.  Figs.  4 ; 


cytoplasm  completely  merged  nnd  Hie  16  ^r?^?P^asm  °t  their  cells  lusimj  • c the 
e,  nuclei  comply  m™gef  d’  llle  lWO 

res  bajE^JSSti?*5  ««n?  ji 

?°S|itSP'b'  Ip“roMa“  : M Sporocyst ; ,p!m r.  tS&gSTJXSS, 
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more  than  about  a dozen  are  present.  We  are  therefore 
forced  to  conclude  that  infection  or  re-infection  does  not 
occur  from  within,  but  from  without.  And,  if  this  be  the 
case,  then  the  sporocysts  must  in  some  way  be  liberated  from 
the  earthworm  in  which  they  arose. 

It  is  not  difficult  to  imagine  the  means  by  which  this 
occurs.  There  are  indeed  two  conceivable  ways.  In  the 
first,  the  earthworm  may  be  swallowed  by  a bird  and  its 
tissues  digested.  This  will  liberate  the  cysts  of  the  parasites 
into  the  alimentary  canal  of  the  bird.  The  digestive  fluids 
of  birds  appears  to  exercise  no  solvent  action  on  the  cysts 
of  Monocystis,  for  they  have  been  seen  in  an  uninjured  con- 
dition in  the  intestines  and  faeces  of  birds.  The  cysts  may 
therefore  be  scattered  upon  the  soil  in  the  droppings  of  birds 
and  in  part  remain  upon  the  surface,  and  in  part  be  washed 
by  rain  down  into  the  burrows  of  earthworms.  In  the 
second  place,  earthworms  naturally  die  in  their  burrows 
01  upon  the  surface  of  the  ground.  They  will  eventually 

that°wa°Se  and  dlSmtegrate’  and  the  cysts  be  liberated  in 

It  may,  of  course,  be  contended  that  since  the  cysts  are 
formed  within  the  cavity  of  the  seminal  vesicles,  and  since 
these  communicate  with  the  exterior  by  the  vas  deferens 
hat  therefore  they  can  be  carried  to  the  exterior  when  one 
1 orm  is  in  the  act  of  conveying  its  seminal  fluid,  through 

fet  sivht"  ’ '°  ‘he  sPermothec*  of  another  worm.  It  at 
nevitaMe  oneT  “ V.''ry,  P'?L'Sible  Way’  and’  “deed,  almost  an 
rarried  tn  ’2 y '°h  “le  cysts  of  the  Parasite  should  be 
1 nod  to  another  worm.  And  yet  there  is  the  strange  fact 

' ‘ „.e-Sperm°thecse  of  earthworms  have  not  yet  been  seen 
i am  any  stages  of  the  life  cycle  of  Monocystis. 

We  are  thus  driven  to  accept  one  or  bod,  of  the  two 

Oppose5  That  a„  ^ * may  ‘^fore  farther 

rofdentally  wallows  o °rm  infstin«  its  f°°d  or  soil 

imentarycanal  °^nroha^  7 “a”'  Cysls-  In 

ssolved,  a"d  tee  so  y ,e  lntestine-this  cyst  is 

aerated.  These  in  tlie'°lf°C^S  S oonfained  within  it  are 
ihese  in  then  turn  are  dissolved  by  the  digestive 
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juices,  and  the  sporozoites  set  free  into  the  intestinal  cavity. 
Here  they  perforate  the  thin  epithelial  and  muscular  wall  of 
the  intestine,  in  the  same  that  they  enter  the  sperm-morulas 
(supra,  p.  78),  and  may  find  their  way  into  a blood-vessel  or 
into  the  coelomic  compartments.  In  the  blood-vessels  they 
may  be  carried  round  in  the  circulation  until  they  reach  the 
seminal  vesicles,  where  they  may  then  make  a lodgment. 
Or,  if  they  pass  from  the  intestine  into  the  coelomic  compart- 
ments, they  may  by  their  wriggling  motions  travel  towards 
the  seminal  vesicles,  and  eventually  enter  them.  It  is  not 
improbable  that  chemiotaxic  influences  may  determine  the 
path  of  their  migration.  It  is  conceivable,  on  the  grounds 
of  analogy  with  experimental  facts  quite  well  known  in  other 
realms  of  the  animal  and  plant  kingdoms,  that  the  juices — or 
some  substance  dissolved  in  them — of  the  seminal  vesicles 
may  exercise  an  attractive  influence  upon  the  sporozoites, 
and  determine  the  path  of  their  motion. 

Having  then  in  one  way  or  another  entered  the  seminal 
vesicles  of  some  other  worm,  they  attack  and  penetrate  the 
sperm-morulae,  and  become  young  trophozoites.  The  life 
cycle  is  thus  completed,  and  we  have  come  round  again  to 
the  point  from  which  we  started. 

If  now  we  take  a general  survey  of  the  life  cycle,  and 
consider  the  part  played  by  the  reproductive  processes,  we 
shall  see  that  they  constitute  a single  cycle,  without  any 
distinct  division  into  two  or  more  clearly  marked  phases. 
The  life  cycle  in  Monocystis  is  adapted  to  spread  its  spores 
of  infection  among  new  hosts,  these  being  individuals  of  the 
same  species.  At  quite  an  early  stage,  the  two  spore- 
producing  bodies,  the  gametocytes,  become  encysted,  and 
at  a later  stage  the  spores,  or  sporozoites,  are  also  developed 
within  a cyst.  They  have  therefore  no  opportunity  of  over- 
running the  body  of  the  host  in  which  they  are  produced. 
They  must  pass  from  this  first  host  to  the  alimentary  canal 
of  a second  one  before  they  can  be  liberated  and  cause 
another  infection.  But  in  other  Sporozoa — in  that  genus 
which  produces  malarial  fever — this  is  not  the  case.  The 
trophozoite  does  not  become  encysted,  and  does  not  produce 
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spores  enclosed  within  a cyst,  but  it  itself  remains  naked,  and 
breaks  up  into  naked  spores,  which  can  re-infect  the  tissues 
of  the  first  host,  and  again  becoming  naked  trophozoites,  can, 
by  the  production  of  another  generation  of  naked  spores, 
bring  about  a third  generation.  This  may  proceed  for  many 
generations,  until  any  particular  organ  or  tissue  may  be 
completely  destroyed. 

Then  in  some  cases,  but  not  in  that  of  the  malarial  fever 
sporozoan,  the  parasite  resorts  to  the  formation  of  spores 
within  cysts,  and  these  are  destined  to  pass  out  from  the 
body  of  the  first  host  and  to  cause  infection  in  the  body  of 
the  second  host.  It  is  only  this  latter  phase  of  reproduction 
which  is  represented  in  Monocystis.  So  that,  compared  with 
other  Sporozoa,  Monocystis  manifests  not  two,  but  only  one 
c istinct  phase  or  single  cycle  of  reproduction.  The  first 
phase  which  we  have  just  described,  in  which  naked  spores 
are  produced  by  the  simple  splitting  or  multiple  fission  of 
the  trophozoite,  for  the  purposes  of  self-infection  of  the  host 
! ' ny",ed,  Sohlzogony,  while  the  second  phase,  that  in  which 
encysted  spores  are  formed  by  conjugation  of  gametes  for 

rexualcelhLgamete^p,!  calk  “mment.  The 

which  take  part  in  • , ’ '0s- 5 and  6,  ga)  in  Monocystis 

ttructure  and  behaviour  '“f  r “ S,milar  “ f°™,  size, 
n that  of  the  malar 1 “ °‘her  f°rmS  of  Spo™zoa  J 

agating  garnet v i^fi“  c°o- 

S then  easy  to  distinguish  i , °f  these  features-  It 

notiie  male  gamete  or  microgamete  “nfaT^  ^‘ively 
>assive,  female  ?amptP  m,-  S te’  a d a largei',  usually 

listinction  is  not  possible  m^10gamet^  In  Monocystis  such 

conjugation  in  Lch  ™rasit^  “Tj  therefore-  speak  °f  ‘he 
iamous  and  in  the  other  f Monocystis  as  being  Iso- 
6 other  forms  as  being  Anisogamous. 
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This,  of  course,  is  a distinction  applicable  to  other  forms 
of  life. 

The  life-history  of  Monocystis  may  be  briefly  summarized 
in  a tabulated  form  : — 


Each  of  these  forms  a second  cyst  around  itself  and  then  divides  into 


We  ought  not,  perhaps,  to  leave  this  interesting  and  re- 
markable life-history  without  some  attempt  to  portray  the 
consequences  which  would  ensue  did  there  not  exist  in 
Nature  a heavy  destruction  of  all  those  individuals  which  are 
either  “ unfit  ” or  which  by  reason  of  chance  circumstances 
never  reach  their  goal.  In  the  long  run  this  destruction 
results  in  the  purification  of  the  race.  And  if  this  is  true  of 
Monocystis , it  is  equally  true  of  every  species  of  animals  and 
plants. 

Let  us  start  from  a single  pair  of  gametocytes.  They 
ultimately  produce  a ripe  cyst  within  which  are,  at  the  lowest 
estimate,  fifty  sporocysts,  each  containing  eight  sporozoites. 
A sporozoite  is  a potential  trophozoite,  and,  therefore,  in 
the  first  generation,  a single  pair  of  parents  can  produce 
50  x 8 = 400  other  trophozoites.  These  four  hundred  can 
produce  two  hundred  pairs  of  trophozoites  (gametocytes) 
in  the  next  generation,  and  each  of  these  pairs  four  hundred 
others.  Therefore,  in  the  second  generation,  the  descendants 
of  a single  pair  of  Monocystis , assuming  no  destruction  has 
taken  place,  will  be  200  x 400  = 80,000.  In  the  third 


Sporozoites, 

which  attack  a sperm-morula  and  become 


Trophozoites. 

These  pair  and  become  associated  as 


Gametocytes, 

which  enclose  themselves  within  a cyst.  They  divide  and  form 


Gametes, 

which  conjugate  and  produce 


Sporoblasts. 


8 Sporozoites. 
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generation  there  may  be  sixteen  millions,  and  in  the  fourth 
generation  three  thousand  two  hundred  million  individuals. 
Carrying  the  calculation  to  the  fifth  generation,  we  obtain  the 
figure  of  six  hundred  and  forty  thousand  millions. 

When  we  remember  that  almost  every  earthworm  is  in- 
fected, more  or  less,  that  most  contain  more  than  a single 
pair  of  gametocytes,  and  that,  therefore,  in  any  endeavour  to 
ascertain  how  many  individuals  of  Monocystis  may  be  pro- 
duced in  five  generations  hence,  we  must  multiply  the  figure 
reached  above  by  the  number  of  earthworms  on  the  earth, 
and  this  by  a number  which  shall  represent  the  average 
number  of  pairs  of  gametocytes  present  in  these  worms,  we 
begin  to  realize  two  things.  First,  that  did  not  a wholesale 
destruction  occur,  there  would  soon  be  no  room  on  the 
surface  of  the  earth  for  any  other  species  than  Monocystis. 
And,  second,  we  are  reminded  of  the  Malthusian  doctrine 
that  organisms  tend  to  multiply  at  a rate  greater  than  that 
of  the  means  of  subsistence. 

Of  course,  this  enormous  rate  of  multiplication  is  not  a 

normal  one.  It  is  a special  feature  of  parasitic  life  ; it  is 

an  inevitable  necessity  of  a parasitic  species  which  runs 

a gauntlet  in  passing  from  host  to  host,  and  in  which  many 

j enter,  but  few  get  through.  But  even  though  we  take 

a normal  case,  that  of  one  of  the  slowest  breeding  animals 

—namely,  the  elephant— working  at  a minimum  rate  of 

£ lncrease.  Darwin  long  ago  showed  that  in  the  absence  of 

any  destruction  except  that  of  natural  death  at  one  hundred 

I y ars  of  age,  in  74°  to  750  years  there  would  be  nearly 

nineteen  million  elephants  alive,  descended  from  a single 

Pha"[\  ^nd  ln  the  case  of  the  rabbit,  it  has  been  calculated 

{ m;ip  ve  years  the  descendants  of  a single  pair  may  number 

•dpaf,  X?a  mdlviduals,  if  no  destruction  other  than  natural 
cieath  has  occurred. 

, Wwv>afy’  tlleiefore>  animals  tend  to  increase  at  a rate 
3 IldnH  fS  P6/1  Cl  dlan  means  of  subsistence,  some 

Inpen  fnrd.f tmctl0n  is  inevitable.  Obviously,  two  paths  are 
n he  nnn  1 ? operation  of  such  a process.  Either  the  weak, 

j cap  ed,  those  lacking  energy,  vigour,  and  enjoyment 
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of  life,  may  be  selected  to  live  and  multiply  their  race,  while 
those  which  are  strong,  adapted  to  their  inflexible  and  in- 
exorable surroundings,  possessed  of  abundant  energy  and 
inherent  vigour,  to  whom  the  awakening  and  call  of  life  is 
the  signal  of  a joyful  career,  shall  be  destroyed,  or  vice  versa. 
Nature’s  processes  are  expressed  in  the  vice  versa.  The  whole 
beauty  of  the  living  world  is  the  outcome  of  the  inexorable 
weeding  out  of  the  “ unfit.”  The  seeming  brutality  of  her 
ruthless  processes  is  but  a veneer  that  covers  a wholly  bene- 
ficent operation.  The  giant  beech  whose  roots  are  moored 
in  the  rifted  rock  and  are  proof  against  the  blasts  of  the 
tempest  is  the  beautiful  product  of  her  selection.  The 
weakly  type,  whose  roots  could  not  spread  deep  into  the 
rifts  of  a barren  rock,  has  gone  to  a beneficent  extinction. 
The  Arctic  tern  which  drops  like  a leaden  bullet  from  the 
sky  down  upon  the  crest  of  a wave,  espying  there  a fish  for 
food,  and  which,  unerring  in  sight,  in  capacity  of  direction, 
in  rapidity  of  action  and  of  instinct,  never  misses,  is  also 
Nature’s  product  of  selection,  an  emblem  alike  of  beauty 
and  avian  virility.  The  erring  brother,  which  dropped  too 
late,  misdirected  its  aim,  or  wore  out  its  energies  in  plunging 
at  shadows,  has  also,  like  the  unfit  beech,  gone  to  a happy 
and  desirable  extinction. 


CHAPTER  XII 


THE  DIFFERENCES  BETWEEN  ANIMALS  AND 

PLANTS 


E have  now  passed  in  review  a sufficient  number  of 


the  lower  forms  of  life  to  understand  the  differences 
between  plants  and  animals.  It  is  only  by  a consideration  of 
these  low  forms  that  we  can  arrive  at  an  exact  idea  of  the 
distinction  between  the  animal  and  vegetable  kingdoms,  be- 
cause most  of  the  distinctions  with  which  we  are  familiar  in 
the  higher  forms  do  not  hold  when  we  try  to  trace  them  back 
to  the  lower.  For  instance,  it  is  easy  to  distinguish  between 
a cow  and  a cabbage  : the  animal  is  an  actively  moving  form ; 
the  plant  remains  fixed  in  the  soil.  But  some  lower  forms 
of  animals,  such  as  Vorticella,  are  usually  fixed  to  one  spot, 
while  many  of  the  lower  plants,  like  Protococcus , have  freely 


swimming  motile  phases.  The  cow  has  a compact  solid  shape 
with  the  chief  organs  embedded  in  the  central  mass  of  the 
body.  It  has  a mouth  and  a stomach,  a heart  and  blood,  lungs 
and  a nervous  system,  and  internal  generative  organs.  In  the 
cabbage,  the  organs  are  not  wholly  aggregated  into  a QnliH 


9o 


OUTLINES  OF  BIOLOGY 


and  are  therefore  devoid  of  the  familiar  green  tint  of  plants. 
Cows,  like  all  animals,  take  in  oxygen  and  give  out  car- 
bonic acid.  Cabbages,  like  all  green  plants,  in  sunlight  take 
in  carbonic  acid  and  discharge  oxygen  ; but  we  have  learned 
that  it  is  the  property  of  all  living  protoplasm  to  take  in 
oxygen  and  discharge  carbonic  acid,  and,  in  the  case  of  green 
plants,  that  this  process  is  merely  obscured,  during  the  hours 
of  sunlight,  by  the  opposite  process,  due  to  the  agency  of 
chlorophyll.  At  night-time  this  masking  influence  is  not 
operating,  and  it  can  then  be  demonstrated  that  the  cabbage 
takes  in  oxygen  and  gives  out  carbonic  acid.  In  the  non- 
green or  fungal  plants,  like  the  yeast  plant  and  bacteria,  the 
intake  of  oxygen  and  the  excretion  of  carbonic  dioxide  is 
not  marked  by  the  converse  process,  which  is  a manifestation 
not  of  respiration,  but  of  assimilation. 

It  will  be  convenient  to  sum  up  the  general  distinctions  be- 
tween animals  and  plants  before  we  attempt  to  follow  them 
out  in  the  lowest  forms.  The  usual  shape  of  plants  is 
branched  and  irregular  ; their  tissues  grow  chiefly  by  exten- 
sion in  lines  and  sheets.  The  usual  shape  of  animals  is  com- 
pact and  solid  : their  tissues  grow  as  solid  organs,  forming 
rounded,  bulky  masses.  The  shape  of  an  animal  is  therefore 
more  or  less  definite  and  characteristic  ; the  shape  of  a plant 
is  quite  irregular  and  capable  of  extension  almost  in  any 
direction.  The  plant,  as  a whole,  is  usually  stationary.  Its 
organs,  like  root-hairs,  or  leaves  or  tendrils,  may  have  limited 
powers  of  movement,  but  the  plant  as  a whole  remains 
stationary.  The  animal  body,  on  the  other  hand,  in  the  vast 
majority  of  cases  moves  as  a whole  ; it  is  active  and  muscular. 
The  whole  surface  of  a plant  exposed  to  the  air  forms  the 
organ  of  respiration,  and  from  the  arrangement  of  the  tissues 
in  flat,  thin  sheets  and  layers,  the  process  of  respiration  with- 
out special  organs  is  rendered  easy.  On  the  other  hand,  the 
internal  tissues  of  animals  are  so  far  removed  from  the  outer 
air  that  special  organs  of  circulation  and  respiration  are 
present,  except  in  simpler  forms. 

A plant  takes  in  its  food  in  the  form  of  gases  or  solids  in 
solution,  by  its  leaves  and  roots.  An  animal  takes  its  food  in 
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solid  form  by  a mouth,  and  prepares  it  for  absorption  in  a 
stomach.  All  animals  require  nitrogenous  food  in  the  form 
of  protein  matter,  and  all  animals  take  in  oxygen  and  dis- 
charge carbonic  acid.  All  green  plants  are  able  to  build 
up  starch  from  water  and  the  carbon  dioxide  of  the  air  ; 
with  this  supply  of  starch  they  are  able  to  build  up  protein, 
although  nitrogen  is  supplied  to  them  only  in  simple  salts 
like  nitrates.  On  the  other  hand,  a few  green  plants,  like 
the  insect-eating  plants,  are  able,  in  addition,  to  digest  and 
absorb  protein  matter,  although  in  their  case  the  digestion  of 
the  protein  takes  place  outside  the  plant  body  by  means  of 
digestive  juices  poured  out.  The  fungi,  being  plants  devoid 
of  chlorophyll,  absorb  oxygen,  and  liberate  carbon  dioxide 
without  manifesting  the  converse  process.  Like  animals 
also,  they  are  unable  to  build  up  starch  from  water  and  carbon 
dioxide,  and  if  protein  be  supplied  them  they  are  able  to 
absorb  and  digest  it.  But  if  starch  or  sugar  be  supplied  them 
they  are  able  to  build  up  protein  from  a nitrogenous  salt  like 
ammonium  tartrate,  a piece  of  chemical  elaboration  beyond 
the  power  of  any  animal. 

Lastly,  the  cells  of  all  the  higher  plants  have  rigid  cell- 
wa  Is  composed  of  cellulose  or  of  some  simple  modification  of 
ce  u ose.  1 he  cells  of  all  the  higher  animals  are,  in  the  vast 
majoHty  of  cases,  surrounded  only  by  thin,  elastic  and  delicate 
ell-walls,  and  these  are  never  composed  of  cellulose  nor  of 
any  modification  of  cellulose. 

animal <?hal!  ^ eaSy  t0  distinSuish  between  the  simple 

animals  and  plants  we  have  been  describing.  Protococcus 

cell  walls’ oVc^T  plant' and  bacteria  are  plants  : they  have 
ela  tTc  no  In05*’  WhlCh  are  riSid  aad  comparatively  in- 

a 0rs,:„™ehm  hz  anr'Tg  that  « *> 

' as  solids  dissolved  in  water  The  t'"  ’SOrbed,  as  Sases’  a,’d 
their  own  sHmh  7 * i 1 he  two  green  Plants  build  up 

: 'the  addition  of  •*  ^ Carbon  dl0xide  and  water,  and  with 

|of  t^ ^"asm  Th  f°rm  ,themSelveS  proteins 
1 1 bacteria  r f • 1 he  yeast  plant  and  most  of  the 

is  supplied ‘TemTe  ,,re,  StarCh'  When  protein  matler 

1 Plied  them  they  will  digest  it  and  flourish  ; but  they 
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will  also  live  and  grow  in  a solution  like  Pasteur’s  fluid,  which 
contains  no  protein  but  nitrogen  in  the  form  of  ammonium 
tartrate. 

Amoeba  and  Vorticella  are  animals  : Amoeba  has  no  cell-wall 
in  the  normal  condition  : Vorticella  and  Paramcecium  have  a thin 
cell- wall  : but  this,  like  the  cyst  of  Amoeba,  is  composed  not 
of  cellulose,  a carbo-hydrate,  but  of  chitin,  a nitrogenous 
substance. 

Neither  Amoeba  nor  Vorticella  can  manufacture  starch  or 
build  up  protein  from  simple  salts,  nor  can  they  live  in  Pasteur’s 
fluid.  As  food,  they  require  actual  protein  matter,  preferably 
in  the  form  of  the  living  bodies  of  other  organisms.  These 
they  take  in  as  solid  substances  through  a temporary  or  per- 
manent aperture  in  the  protoplasm,  and  digest  in  a food 
vacuole  which  forms  round  the  food  particles  in  the  pro- 
toplasm.  Another  distinction  is  obvious  in  their  cases.  They 
get  rid  of  nitrogenous  waste  by  a special  structure,  the  con- 
tractile vacuole.  The  plants  have  not  this  structure,  and,  in 
the  case  of  these  simple  forms,  it  is  not  known  how  they  get 
rid  of  their  nitrogenous  waste. 

Although  clear  in  the  cases  before  us,  the  distinctions 
between  plants  and  animals  are  not  applicable  in  all  cases  of 
unicellular  organisms.  Some,  for  instance,  have  a cellulose 
cell- wall  and  chlorophyll,  and  so  can  live  like  green  plants. 
But  they  also  have  a contractile  vacuole  and  a mouth  and 
pharynx,  and,  like  Amoeba , can  ingest  animal  food.  Others 
have  no  cell-wall,  and  have  pseudopodia-like  processes,  and 
ingest  solid  food.  But  when  they  encyst,  the  wall  of  the 
cyst  is  cellulose,  and  the  spores  within  the  cyst  have  also 
cellulose  walls. 

No  complete  separation  exists  between  the  two  kingdoms. 
It  is  most  probable  that  animals  and  plants  have  a common 
origin  and  that  some  of  the  lower  existing  forms  of  life 
retain  characters  that  afterwards  became  the  marks  of. 
separate  kingdoms,  by  segregation,  possibly  due  to  germinal 
changes  in  the  course  of  evolution. 
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HIGHER  PLANTS 

A MINUTE  green  plant  called  Botrydium  (Fig.  13)  is  not 
uncommon  on  moist  mud  and  in  ditches.  As  it  is 
one  or  two  millimetres  in  breadth  it  is  quite  visible  to  the 
naked  eye,  and  consists  of  a green  bladder-like  part  above 
the  mud,  joined  by  a narrow  neck  to  a few  short  branched 
threads  sticking  in  the  mud.  Under  the  microscope, 
one  sees  that  it  is  not  broken  up  into  cells,  but  consists  of 
protoplasm  enclosed  in  a delicate  wall.  The  green  part  con- 
tains chlorophyll,  starch-granules,  and  several  nuclei  ; the 
branched  part  is  nearly  colourless.  Simple  as  it  is,  Botrydium 
' shows  the  division  of  labour  and  differentiation  of  function 
found  in  all  the  higher  plants.  The  green  bladder  repre- 
sents the  leaves  lifted  up  on  a neck  which  represents  the 
s em,  so  that  the  chlorophyll  is  fully  exposed  to  light  The 
branching  threads  thrust  into  the  mud  serve  as  roots  first 
as  an  anchor  or  organ  of  attachment,  and  secondly  to 
absorb  from  the  mud  salts  dissolved  in  water 
In  so  simple  a plant,  the  food  materials  absorbed  by  the 
green  part  and  by  the  roots  meet  together  in  the  generafnro 

LtZ  of  the  b°,dy'  highS1'  ^ ‘-e  plantTodyTs 
rart^they  S ^ 

SSL  SSS 

hox.de  ..or  manufacture  StaS 


94 


OUTLINES  OF  BIOLOGY 


has  taken  place,  and  the  cells,  with  different  structures  and 
different  functions,  are  dependent  on  each  other.  The 
plant,  instead  of  being  an  aggregate  of  independent  cells, 
has  become  an  organized  whole  with  parts  in  dependence  on 
each  other.  There  is  now  not  only  the  structure  of  cells  to 
be  examined,  but  the  structure  of  the  whole  plant,  the 
arrangement  of  the  groups  of  cells. 

In  the  consideration  of  such  an  organized  community  of 
cells,  the  first  question  that  suggests  itself  is  the  method  by 

which  foods,  obtained  by  one  group  of 
cells,  find  their  way  to  other  groups  ; 
how,  for  instance,  the  leaf  cells  get 
their  nitrates  or  the  root  cells  their 
starch.  In  the  simpler  many-celled 
plants  there  is  no  trace  of  vessels  or 
passages  along  which  substances  might 
pass  from  cell  to  cell.  The  substances 
pass  through  the  protoplasm  of  the 
cells  and  are  handed  on  from  cell  to 
cell,  creeping  through  the  plant.  The 
protoplasm  of  each  cell  is  in  actual 
connection  with  that  of  adjoining  cells, 
so  that  the  whole  plant  may  be  re- 
garded as  a continuous  mass  of  proto- 
plasm stretching  through  and  through 
the  cell- walls.  In  higher  plants,  such 
as  ferns  and  flowering  plants,  there 
are  interspaces  and  vessels  containing 
air  and  sap,  and  at  first  sight  it  seems  probable  that  gases 
and  fluids  containing  nutritive  substances  in  solution  pass 
along  by  mechanical  means,  as  gas  and  water  circulate 
through  the  supply  pipes  of  a town,  or  percolate  between 
the  cells  like  drainage  through  a gravel  subsoil.  But  it  can 
be  shown  that  in  a number  of  cases  the  protoplasm  of  con- 
tiguous cells  is  continuous  through  apertures  in  the  cell- 
walls  and  that  the  apparently  mechanical  passage  of  gases 
and  fluids  through  vessels  and  in  intercellular  spaces  is  not 
a mechanical  passage,  but  that  it  is  under  control  of  th- 


Fig.  1 3 . — Botrydium:  the 
horizontal  line  represents 
the  surface  of  the  mud 
above  which  is  the  green 
bladder  containing  proto- 
plasm and  several  nuclei,  as 
well  as  starch  granules  and 
chlorophyll ; below  the  line 
are  the  colourless  branch- 
ing roots ; the  protoplasm 
is  not  broken  up  into  cells 
by  cell- walls. 
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protoplasm  of  cells,  varying  in  amount  and  in  the  rate  of 
passage  with  conditions  affecting  the  activity  of  the  proto- 
plasm of  the  cells.  For  instance,  the  strength  of  the  upward 
current  of  sap  is  much  greater  than  could  be  caused  by 
evaporation  from  the  leaves,  and  for  a time  will  go  on  when 
the  leaves  have  been  cut  off.  Evaporation  from  the  leaves 
is  not  a simple  mechanical  process,  but  is  controlled  by  the 
expansion  and  contraction  of  cells  guarding  apertures  in  the 
leaves.  We  shall  be  most  near  the  truth  if  we  regard 
the  passage  of  substances  from  one  part  to  another  part  of 
the  plant  as  being  a vital  process  occurring  in  the  protoplasm 
ot  the  whole  plant,  whether  the  plant  be  like  an  oak-tree,  a 
complicated  organism  of  many  million  cells,  or  like  Bot'ry- 
dium,  a simple  undivided  mass  of  protoplasm. 

Retaining  m our  minds  this  general  idea,  it  is  possible  to 
pass  directly  to  examination  of  the  structure  of  higher  plants 
as,  for  instance,  of  flowering  plants.  But  this  also  must  be 
boine  in  mind  : between  the  flowering  plants,  with  their 

Ukt  sZZ  Z °f  StrUCture'  and  simP>e  aggregates  of  cells 
t ^,a>  there  are  innumerable  simpler  plants,  which 

d gr"ee  ofacVebr'1)ablet0,arrangein  “ S"ies  °f  ascending 
degree,  of  complexity,  so  that  they  seem  successive  stages  in 

we  t eve  opment  o[  higher  plants  from  lower  plants.  When 

he  sZ  "T  We  Sha“  find  3 similar  *=ries  and  examine 
the  stages  with  some  care. 

wZnlfe^YT  P‘ant  ‘akeS  F'aCe  by  cell-multiplication. 

„ ,,  piotoplasm  in  cells  increases  in  bulk  the  nucleus 
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across  the  length  and  breadth  and  the  depth,  as  in  the  sub- 
stance of  a potato. 

The  young  shoot  and  root  of  a sprouting  seed  are  almost 
entirely  composed  of  small  cells,  all  much  alike.  The  cells 
have  very  large  nuclei  and  abundant  protoplasm.  They 
divide  rapidly,  and  give  rise  to  the  various  permanent  tissues 

of  the  plant.  This  young  or 
embryonic  tissue  is  called  meri- 
stem  (Fig.  14),  and  it  is  from 
meristem  tissues  in  the  adult 
plant  that  subsequent  growth  of 
the  plant  takes  place.  At  the 
apex  of  the  shoot  and  the  tip  of 
the  root,  the  various  tissues  meet 
in  the  simple  meristem  of  these 
parts,  from  which  new  growth  is 
taking  place.  In  many  plants, 
for  instance  in  the  dicotyledonous 
flowering  plants  as  opposed  to 
palms  and  grasses,  which  are 
monocotyledons,  a tube  of  meri- 
stem called  the  cambium  runs 
down  the  stem  from  the  apex  to 
the  tip  of  the  root  and  forms  the 
growing  tissue  from  which  wood 

Fig.  i4.-Menstem  Tissue  from  . the  inside,  bast  on  the 

the  tip  of  a Leaf-shoot  of  Manilla  . ’ 

uncinata.  The  large  cell  at  the  outside. 

apex  has  given  origin  to  the  others  other  layers  of  meristem  tissue 
which  are  getting  arranged  in  . J . , e . . 

longitudinal  rows;  each  cell  has  OCCUI'  in  various  paits  of  plants 
a thin  wall  surrounding  the  proto-  when  there  is  occasion  for  growth, 
plasmic  contents.  (From  Behrens.)  Thus  the  bark  Qr  cork  of  trees 


grows  from  a special  layer  of  meristem  cells  to  be  found 
in  some  cases  immediately  under  the  epidermis.  In  fact, 
a young  plant  largely  consists  of  a mass  of  meristem  cells 
rapidly  dividing.  As  the  plant  grows  larger,  the  meri- 
stem cells  in  various  regions  become  altered  into  the  per- 
manent cells  of  the  adult  tissues.  These,  however,  rarely 
continue  to  multiply  after  they  have  become  specialized. 


CHAPTER  XIV 


THE  GROSS  MORPHOLOGY  OF  DICOTYLEDONOUS 

PLANTS 

THE  body  of  the  higher  plants  is  anatomically  differen- 
tiated into  stem,  leaf,  and  root.  In  the  lower  plants 
no  such  differentiation  is  present,  and  the  plant  body  is  then 
known  as  a thallus.  In  Spirogyra  the  filamentous  thread 
which  constitutes  the  plant  is  an  instance  of  a thallus  ; the 
branched  flattened  ribbon-like  bodies  of  a large  number  of 
common  seaweeds  may  be  mentioned  as  further  examples. 

If  we  examine  a dicotyledonous  plant,  it  will  be  seen  that 
it  consists  of  two  portions.  One  of  these  is  the  root,  which 
usually  grows  downwards  into  the  soil,  and  the  other  is  the 
shoot,  which  usually  grows  upwards  towards  the  light.  The 
shoot  is  not  a single  part,  but  is  clearly  made  up  of  the  stem 
with  its  collection  of  leaves.  In  some  cases  stems  grow  not 
vertically  upwards  but  beneath  the  ground  and  in  a more  or 
less  horizontal  direction.  Some  roots,  too,  send  branches 

upwards  above  the  soil,  or  in  some  cases  grow,  not  in  soil 
but  in  the  air.  ’ 

If  we  observe  the  arrangement  of  the  leaves  upon  the  stem 
i wi  1 be  seen  that  normally  the  youngest  are  at  the  apex  and 

olH,°/fSiare  t0WardS  the  base-  And  Passin§  from  the 
oldest  to  the  youngest,  we  ascend  through  a series  of  leaves 

Inch  become  progressively  younger  as  we  pass  up  the  stem. 

is  no?hraT  ’i  f arrangement  of  the  leaves  uPon  the  stem 
arranPpmpifZard’  bUt  qmte  regular>  and  is  such  that.their 
i menttn  *•  " lnfPace  has  been  determined  by  their  develop- 
iis  the  ilme 0 dfsf  leaf — that  which  first  unfolded — 
i H °Wes  eaf-  qbis  mode  of  succession  is  called 
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Acropetal  succession.  Occasionally,  especially  when  a 
plant  has  been  pruned,  newer  buds — which  bear  leaves — 
develop  below  older  buds  and  leaves,  and  such  departure 
from  the  normal  succession  is  spoken  of  as  adventitious. 

The  origin  of  lateral  rootlets  from  the  main  root  is  also 
generally,  like  that  of  leaves,  acropetal. 

When  we  compare  the  shoot  and  the  root,  certain  differ- 
ences are  apparent.  The  lateral  organs  which  come  off 
from  a main  root  are  similar  in  external  form  and  in  internal 
structure  to  the  parent  root.  With  the  stem,  on  the  other 
hand,  the  lateral  organs  (leaves)  borne  by  it  are  different  in 
external  morphology  and  in  their  histology.  The  lateral 
roots  do  not  bear  other  organs  in  their  axils  (namely,  in  the 
angle  of  the  junction  of  lateral  root  with  main  root).  Leaves 
do  bear  such  other  organs,  which  are  known  as  buds.  In 
the  axil  of  all  the  leaves  of  the  higher  plants  these  buds  are 
borne,  though  many  become  abortive  and  do  not  develop. 
Buds  developed  in  the  axils  of  leaves  are  called  axillary 
buds.  Another  difference  to  be  noted  between  the  stem  and 
root  is  in  the  nature  of  their  apical  termination.  The  root 
apex  ends  in  a root-cap,  which  is  a little  cap-like  covering 
of  the  apex  of  the  root.  It  is  wholly  epidermal  in  origin. 
The  stem  is  terminated  by  a bud.  This  bud  in  structure 
and  origin  is  the  same  as  the  axillary  buds,  but  in  order  to 
distinguish  it  from  them  on  account  of  its  position,  it  is 
called  an  apical  bud. 

A bud  is  simply  an  undeveloped  shoot.  It  consists  of  a 
stem  and  a collection  of  leaves.  When  we  examine  a fully 
developed  shoot  we  find,  as  a rule,  that  the  leaves  are  more 
or  less  widely  separated  from  each  other.  The  points  on  the 
stem  where  the  leaves  are  inserted  are  called  nodes  and  the 
intervals  between  them  internodes.  Now  the  essential 
difference,  so  far  as  external  morphology  is  concerned, 
between  a bud  and  a developed  shoot  is  this  : in  the  latter 
the  internodes  have  lengthened  out,  whereas  in  the  former 
they  are  so  short  that  practically  they  do  not  exist.  By  the 
elongation  of  its  potential  internodes,  the  bud  becomes  the 
shoot.  Axillary  buds  thus  develop  into  new  lateral  shoots, 
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and  apical  buds  increase  the  length  of  the  stem  upon  which 
they  are  borne. 

The  higher  plants,  as  is  well  known,  bear  floral  or  flower 
shoots.  Now  these  shoots  have  the  same  morphological 
relationships  that  vegetative  or  foliage  shoots  have.  They 
arise  in  the  same  way  and  in  the  same  positions.  We  may, 
therefore,  regard  the  floral  axis  as  being  a modified  vegeta- 
tive axis.  Moreover,  the  parts  of  the  flower,  namely,  sepals, 
petals,  stamens,  and  carpels,  arise  like  leaves,  in  acropetal 
succession.  At  first  when  they  begin  their  development 
they  are  similar  to  leaves  at  a correspondingly  early  sta^e. 
And,  clearly,  the  petals  and  the  sepals  are  often  very  leaf-like 
in  structure  and  appearance.  We  can,  therefore,  regard  all 
the  parts  of  the  flower  as  being  modified  vegetative  or 
foliage  leaves.  This  conception  is  further  borne  out  by  the 
tact  that  not  unfrequently  as  a variation  a flower  may  be 
developed  upon  some  part  of  the  length  of  a foliage  axis  • or 
as  it  is  sometimes  described,  the  floral  axis  is  prolonged  V 
wards  beyond  the  Bower  as  a foliage  shoot.  Such  casS  have 
been  observed  m cultivated  roses  and  in  wild  larches. 

. „ h,Sh?r  and  lower  plants  alike  possess  in  a verv  great 
degree  the  inherent  capacity  of  responding  to  wide  changes 
in  the  environment.  Some  plants  are  more  inherent^ 

‘llan  °.thers'  Some  can  respond  to  an  increased 
ntensity  of  sunlight  and  removal  to  great  altitnHpo  1 

the  Summer  Savory,  while  others  such  as  the  fl  ’ “ 

and  therefore  perish  if  subjected  to  th  *’  Cannot' 

a the  environment  which  produces the  struck T"8  ! “ 

ogical  changes  in  the  ohnf  Tf  i ^ stlucturaI  or  physio- 
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of  a canine  tooth,  or  the  erect  attitude  of  man.  If  the 
organism  does  not  possess  this  capacity  of  response  it  cannot 
change  any  of  its  innate  qualities  under  the  influence  of  a 
changed  environment.  So  that  in  the  long  run — that  is,  in 
ultimate  origin — what  a plant  will  be,  what  it  can  do,  what 
intensity  of  colour  its  flowers  will  have,  how  high  or  how 
bushy  it  will  grow,  depends  not  upon  the  environment  but 
the  inherent  organization  of  the  plant  itself.  It  is  not  the 
fiddler’s  bow  that  brings  forth  musical  responses  from  the 
violin,  but  the  vibrations  of  the  violin  strings.  The  bow  may 
be  scraped  over  a block  of  lead,  but  there  will  be  no 
responses  of  a musical  order.  So  it  is  with  organisms.  The 
dwarf  pea  plant  may  be  fed  in  the  same  soil  and  atmosphere 
as  its  tall  congener,  but  the  one  will  grow  to  about  two  feet 
high  and  the  other  to  about  six  feet  high. 


CHAPTER  XV 


THE  TISSUES  OF  DICOTYLEDONOUS  PLANTS 

THE  permanent  tissues  of  plants  may  be  divided  con- 
veniently into  three  great  systems,  each  with  its  own 
kind  of  specialized  cells  and  groups  of  cells.  The  outer  or 
epidermal  tissues  form  the  surface  layer  of  the  plant  in  its 
leaves,  shoots,  stem,  and  roots  ; they  protect  it  against 
external  agencies,  and  regulate  the  intake  and  output  of  air, 
of  water,  and  of  food-substances.  The  vascular  tissues 
form  bundles  of  connecting  fibres,  vessels,  and  strands,  which 
may  be  seen  as  the  veins  in  a leaf,  and  which  run  through 
the  stem  and  the  roots,  and  serve  as  the  special  paths  along 
which  food-substances,  water,  gases,  and  the  substances 
elaborated  by  protoplasm  pass  from  one  part  of  the  plant  to 
the  other.  The  parenchyma  or  ground  tissue  is  the  mass 
of  the  leaves,  and  stem,  and  roots  ; it  is  bounded  by  the 
epidermis  on  the  outside,  and  through  it  the  vascular  bundles 
pass  ; in  it  are  the  assimilating  tissues  of  the  plant,  like  the 
chlorophyll-containing  cells  of  the  leaf,  the  supporting  tissues, 
like  wood  cells  and  the  fibrous  bast  cells,  growing  tissues  of 
unspecialized  cells  from  which  new  growth  is  taking  place 
and  tissues  in  which  excretions  are  stored  or  starch  laid  by 
for  future  use. 


The  Epidermal  Tissues 

The  epidermis  is  the  superficial  tissue  of  young  shoots  and 
leaves.  On  the  roots  it  cannot  be  distinguished  readily  from 
f un^lerlying  tissues  ; on  older  stems  and  leaves  it  may  be 
o a ■ tered  completely  by  structures  which  appear  later.  It  is  a 
thin  layer  of  cells  covering  and  protecting  the  young  green 
■ paits  of  plants.  It  consists  usually  of  a single  layer  of 


102 


OUTLINES  OF  BIOLOGY 


columnar  or  tabular  cells  regularly  placed  and  almost  invari- 
ably without  chlorophyll  (Figs.  15,  16,  17).  The  outer  walls 
of  the  cells  are  frequently  thickened,  and  a thin  pellicle,  the 
cuticle,  often  runs  continuously  over  the  outer  surface  of  the 
cells.  The  material  of  the  cuticle  is  very  resistant  to  the 
passage  of  water,  and  differs  chemically  from  cellulose,  for  it 
is  not  turned  blue  by  iodine  and  sulphuric  acid.  Another 
protection  against  the  passage  of  water,  especially  against  its 
passage  inwards,  is  the  excretion  of  wax  on  the  outer  surface. 


1<  ig.  15.  — Epidermis  from  Sugar-cane  with  rod-like  waxy  secretion. 

(From  Sachs.) 

This  wax  appears  as  little  warts  or  rods,  and  causes  rain  or 
water  to  collect  in  little  drops  instead  of  spreading  over  the 
surface  of  the  plant  and  really  coming  in  contact  with  the 
living  tissues.  The  “ bloom”  on  fruits  is  a familiar  instance. 
But  water  has  to  pass  out  of  the  plant  so  that  there  may  be 
room  in  the  tissues  for  the  intake  of  water  absorbed  by  the 
roots  and  containing  new  supplies  of  inorganic  salts.  Every- 
where on  the  epidermis,  but  especially  on  the  under  surface 
of  the  leaves,  there  are  numbers  of  minute  openings  called 
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stomata  (Fig.  16).  If  a thin  piece  of  the  epidermis  from  the 
leaf  of  any  plant  be  stripped  off  and  placed  in  water  under 
the  microscope,  the  stomata  are 
seen  at  once.  F or  they  are  guarded 
by  minute  oblong  cells  filled  with 
chlorophyll  granules  and  so  are 
conspicuous,  by  their  green  colour, 
among  the  uncoloured  epiderm 
cells.  Between  these  guard  cells, 
which  are  oval  in  shape,  and 
usually  two  in  number,  lies  a 
minute  aperture  leading  into  a 
small  cavity  which  communicates 
with  the  intercellular  spaces  in 
the  spongy  tissue  of  the  leaf 
(Fig.  17,  2).  In  damp  weather, 
when  the  air  is  nearly  saturated  with  moisture,  the  guard 
cells  altei  their  positions  so  as  to  open  the  stomata  as 
widely  as  possible.  In  bright  sunshine  too,  even  though  the 
weather  is  dry,  the  guard  cells  may  at  first  leave  the  stomata 


Fig.  16.  — Epidermis  from 
under  surface  of  a lilac  leaf, 
showing  three  Stomata,  each  en- 
closed by  a pair  of  guard  cells. 


1 AnerItn;r£rtiCal  ^ction  ^ough  a Stoma  on  the  under  surface  of  a leaf, 
with^naces  amnnortl  ^ 2-  Intercellular  space  communicating 

3- Epide,mis cdiswiih “tide “ 


widdy  open,  but  afterwards,  if  the  escape  of  water  is  too 
rapid,  they  may  contract  the  apertures  to  the  smallest  point. 
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The  stomata  normally  serve  for  the  transpiration  of  gases, 
especially  of  water-vapour  and  of  oxygen.  They  also  allow 
of  the  passage  inwards  of  the  atmospheric  gases,  partly  for 
purposes  of  respiration  and  partly  for  those  of  assimilation. 
In  a few  cases,  stomata  situated  at  the  edges  of  leaves  serve 
for  the  extrusion  of  water  in  the  liquid  state. 

The  hairs  of  plants  are  outgrowths  from  the  epidermis. 
At  first,  hairs  are  mere  processes  from  single  epiderm  cells 
and  may  permanently  remain  as  unicellular  appendages ; 
but  by  growth  and  cell-division  they  may  be  changed  into 
multicellular  organs.  Some  hairs  are  glandular,  and  in  a little 


Fig.  18. — Parenchyma  from  potato  tuber  containing  starch  granules. 

knob  at  the  end  of  the  outgrowths  is  collected  the  secretion 
of  oil,  or  resin,  or  gum.  In  some  cases,  as  in  the  nettle, 
an  acrid  secretion  with  irritant  properties  is  collected,  and 
liberated  when  the  hair  is  broken  off. 

The  Ground  or  Fundamental  Tissues 

The  fundamental  or  general  tissue  of  plants  consists  in 
its  simplest  and  most  common  form  of  irregularly  shaped 
thin- walled  cells— called  parenchymatous  cells.  It  may  be 
seen  in  any  young  plant  practically  occupying  all  the  space 
within  the  epidermis  (Fig.  27,  3)— except  of  course  the  space 
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occupied  by  the  vascular  bundles  and  other  special  tissues. 
In  the  typical  condition,  the  cells  are  large,  and  are  actively 
multiplying.  Later  their  multiplication  ceases.  Where  cells 
are  in  contact,  a single  cell-wall  separates  them,  but  at  the 
; angles  where  three  cells  meet,  interspaces  occur,  due  to  splits 
in  the  cell-wall.  These  are  the  intercellular  spaces,  and  allow 

ithe  movements  of  gases  and  water-vapour  throughout  the 
plant.  The  cells  contain  protoplasm  and  a nucleus,  but 
the  products  formed  by  the  protoplasm  are  so  plentiful  that 
the  protoplasm  itself  only  occupies  a narrow  area  within  the 
cell- wall.  It  forms  a film,  the  primordial  utricle,  upon  the 


Fig.  19.— e.  The  overlapping  ends  of  prosenchymatous  cells,  f.  Collen- 
chymatous  cells,  g.  Sclerenchymatous  cells. 

inner  surface  of  the  cell-wall.  The  central  space  or  vacuole 
i is  occupied  by  a watery  juice  or  cell  sap  full  of  substances  of 
nutritive  value.  Reserve  food  materials  like  the  starch  in  the 
tubers  of  the  potato,  in  the  pith  of  young  plants,  or  in  seeds 
are  to  be  found  in  parenchymatous  cells  (Fig.  18).  Fre- 
quently in  old  plants,  and  in  old  tissues  of  plants,  there  are  to 
' ae  found  parenchymatous  cells  practically  dead.  The  proto- 
jp  asm,  the  sap  and  starch  grains  have  disappeared,  and  the 
I ls  remain  behind  as  a spongy  pith  filled  with  air. 

\ When  the  cells  of  fundamental  tissue  are  elongated  they 
■ llay  have  overlapping  ends,  and  are  called  prosenchy- 
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matous  cells  (Fig.  19,  e).  When  they  have  pad-like  thicken- 
ings of  the  cell-wall  at  the  angles  where  cells  are  in  contact, 
they  are  known  as  collenchymatous  cells  (Fig.  19,  f)  ; and 
where  the  whole  cell-wall  is  excessively  thickened  and  partly 
turned  into  wood,  the  tissue  is  called  sclerenchyma — the 
cells  sclerenchymatous  cells  (Fig.  19,  g).  These  names  are 
merely  descriptive,  and  are  applied  to  cells  of  different 
natures  in  different  parts  of  a plant.  Thus  the  cells  forming 
the  hard  nodules  in  the  flesh  of  pears  have  their  walls  lig- 
nified,  and  are  sclerenchymatous;  the  elastic  fibres  of  the 
bast  (hard  bast)  have  thick  walls  not  lignified,  and  are  also 
sclerenchymatous ; while  the  cell-walls  of  the  “ bundle”  sheath 
found  surrounding  the  vascular  bundle  in  young  stems  are  fre- 
quently lignified,  and  are  again  named  “ sclerenchymatous.” 
A very  characteristic  feature  in  the  thick  walls  of  scleren- 
chyma is  the  presence  of  small  canals  formed  from  pits. 

It  is  in  fundamental  tissue  that  most  of  the  chlorophyll  of 
green  plants  is  to  be  found.  Obviously,  as  the  usefulness  of 
chlorophyll  depends  on  its  exposure  to  light,  it  is  found  in 
the  leaves  and  in  the  stem.  As,  moreover,  the  utility  of 
chlorophyll  depends  on  the  ready  access  of  air  in  order  that 
the  carbonic  acid  may  be  absorbed,  the  tissues  containing 
chlorophyll  have  for  the  most  part  a loose  and  almost  spongy 
arrangement  of  cells.  The  interspaces  between  the  cells  are 
in  free  connection  with  each  other  and  with  the  stomata,  so 
that  the  stomata,  while  serving  chiefly  for  the  transpiration 
of  water- vapour,  are  a ready  means  for  entrance  of  air.  Such 
a spongy  structure  is  well  seen  in  a section  through  the  leaf 
of  a plant  (Figs.  17  and  29). 

Collenchymatous  and  sclerenchymatous  tissues  have 
chiefly  mechanical  functions  to  fulfil.  They  are  found  where 
any  organ  or  part  of  an  organ  of  a plant  is  subjected  to 
stress,  or  where  rigid  structures  are  necessary  for  purposes 
of  defence.  Thus  we  find  two  cylinders  of  these  mechanical 
tissues  in  the  stem  of  the  Bryony.  This  plant  has  a long, 
climbing  and  slender  stem.  Were  it  composed  of  paren- 
chymatous ground  tissue  alone,  it  would  soon  be  damaged. 
But  immediately  within  the  epidermis  is  a cylinder  of  collep- 
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chyma,  and  a little  way  within  this  is  another  of  scleren- 
chyma.  The  long  and  relatively  thin  stem  of  the  sunflower 
presents  a similar  condition,  though  here  the  sclerenchy- 
matous  cylinder  is  broken  up  into  separate  strands.  On  the 
other  hand,  such  massive  organs  as  potatoes,  rest- 
ing in  and  supported  all  round  by  soil,  do  not 
possess  any  of  these  mechanical  tissues. 

The  cells  of  the  epidermis  frequently  have  the 
cellulose  of  their  outer  walls  changed  to  cork  to 
prevent  evaporation  of  sap.  After  the  first  or  second 
year  of  their  existence  very  many  plants  develop  a 
thick  layer  of  cork  cells  within  the  epidermal  layer, 
which  dies.  Cells  in  a row  under  the  epidermis 
multiply  rapidly,  and  the  layers  of  cells  to  which y 
they  give  rise  form  a compact  tissue  with  no 
spaces  between  the  cell-walls.  The  contents 
of  the  cork  cells  disappear  and  become  re- 
placed by  air  ; the  walls  of  the  cells  change 
from  cellulose  to  cork,  and  the  tissue  forms 
a thick  protective  layer  completely  resistant 
to  the  passage  of  water  (Fig.  21). 

The  Vascular  Tissues 

The  second  system  of  tissues,  the 
vascular  bundles,  is  so  characteristic 
: of  higher  plants  that,  in  classification 
r of  the  vegetable  kingdom,  those  with- 
ih  out  vascular  bundles  (the  Algre, 

Fungi,  Lichens,  Liverworts, 
ri  and  Mosses)  are  distinguished 
V as  cellular  plants  from  the  vas- 

•;  cular  plants  (Ferns,  Lvcodo-  o-,Fig.-  2°-~ Stinging-hair  of  nettle. 
1 rlinmc  P J 1 . *h,s  ls  a single  elongated  cell  with 

, ’ quisetaceae,  &c.,  and  nucleus  in  the  bulbous  root  which  is 

r the  Seed-plants).  Even  in  the  surrounded  and  protected  by  epiderm 
'J  cellular  plants,  however,  not 

I infrequently  theie  are  tracts  or  bundles  of  elongated  thin- 
'f  ^ ce^si  distinct  from  the  tissue  in  which  they  are  em- 
| see,  and  serving  as  the  main  channels  along  which 
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substances  pass  from  part  to  part  of  the  plant.  The  vascular 
bundles  of  vascular  plants  (Fig.  22)  run  as  thin  threads  of 
specialized  tissue  through  the  whole  plant.  In  the  root  there 
is  usually  a central  cylinder  lying  in  the  axis  and  receiving 
branches  from  the  lateral  roots.  The  vascular  strands  of  the 
roots  pass  into  those  of  the  stem,  which  are  usually  symmetri- 
cally arranged  round  the  periphery.  These  give  off  branches 
to  the  leaves,  and  pass  into  the  growing  point  at  the  apex 
of  the  stem,  where  they  lose  themselves  in  unspecialized  cell 
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Fig.  21. — Section  through  one-year-old  shoot  of  A'ilanthus  glatidulosa, 
showing,  a.  Dead  epidermis,  b.  Cork  cells,  c.  Cork  cambium,  d.  Cortex 
cells  with  chlorophyll  granules.  (After  Prantl.) 


tissue.  The  details  of  their  arrangement  in  the  stem  vary 
much  in  different  plants,  and  depend  on  the  arrangement  of 
the  leaves.  The  separate  bundles  are  placed  round  the 
margin  of  the  stem  : between  the  nodes,  or  where  leaves 
grow  out,  they  appear  as  separate  wedge-shaped  masses  ; 
at  the  nodes  they  fuse  together,  and  the  branches  for  the 
leaves  are  given  off. 

We  must  now  consider  the  Yascular  Tissues.  These 
are  composed  of  very  specialized  cells.  At  the  apex  of  the 
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stem  or  root  they  become  arranged  in  vertical  rows,  and  by 
the  complete  or  partial  absorption  of  their  transverse  walls 
they  soon  become  converted  into  tubes  or  vessels,  extending 
i throughout  the  whole  length 
of  the  stem  and  root. 

There  are  two  chief  kinds 
of  vessels,  namely,  sieve- 
tubes  or  phloem  vessels, 
and  xylem  vessels.  Other 
types  of  vessels  exist  in  plants, 
but  we  are  not  now  con- 
cerned with  them. 

A sieve-tube  is,  as  its  name 
implies,  a tube.  It  has  been 
formed  by  the  superposition 
of  cells  (Fig.  23,  c)  in  a serial 
arrangement.  At  the  apex  of 
- both  stem  and  root  they  are 
continually  added  to  by  the 
addition  of  new  cells  from 
the  apical  meristem.  The 
tube  thus  increases  in 
length  simultaneously 
with  the  increase  of 
the  stem  and  root. 

After  the  new  cells 
have  been  added,  they 
themselves  grow  in 
length,  their  proto- 
plasm becomes  ex- 
tended out  into  a thin 
film  which  lines  their 
internal  walls,  and  the 
transverse  upper  and 


lower  wall  of  each  cell 


Fig.  22.  Diagram  of  the  course^of  vascular 
bundles  in  stem,  leaves,  and  roots. 


c become  perforated  by  a number  of  perforations  (Fig.  23  b ) 
In  this  way,  although  the  cells  are  joined  end  to  end,  there 
' s not  formed,  as  we  shall  see  later  is  the  case  with  the  xylem 
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vessels,  a continuous  tube,  but  a tube  divided  into  compart- 
ments, which  open  into  each  other  by  means  of  their  per- 
. forated  plates.  These  are  called  sieYe-plates  (Fig. 
24).  They  do  not  remain  unthickened,  like  the  longi- 
tudinal walls,  but  become  strengthened  by  a deposit . 
of  material  called  callus. 

These  transverse  plates  are  not  the  only  sieve- 
plates  present.  For  generally,  where  two  sieve-tubes 

come  into  contact,  there  are 
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Fig.  23. — Isolated  cells  from  a vascular 
bundle,  c.  Cambium  cells,  b.  Sieve-tube, 
a.  Bast  fibre,  d.  Dotted  wood-vessel,  e. 
Wood  cell,  a and  b,  the  bast  elements,  and 
d and  e,  wood  elements,  have  alike  been 
formed  from  cells  like  C. 


formed  localized  patches 
along  the  course  of  the 
opposed  walls,  which  be- 
come thickened  by  callus 
and  perforated  by  little 
tubes.  Sieve-plates  situ- 
ated upon  the  longitudinal 
walls  are  called  lateral 
sieve-plates. 

The  sieve-tubes  not  only 
contain  a thin  film  of 
protoplasm,  with  a nucleus 
in  each  of  the  compart- 
ments, but  in  life  their 
cavities  are  filled  with  a 
slimy,  nitrogenous  mate- 
rial, which  represents  the 
elaborated  food-substances 
of  the  plant.  When  the 
plant  is  placed  into  alcohol, 
for  preservation,  this  slimy 
material  coagulates  and 
contracts  and  forms  a 
central  rod  of  stuff  ex- 
tending from  one  sieve- 
plate  to  another.  This 
material  is  represented  in 


Fig.  24  by  the  dotted  core. 

The  protoplasm  of  the  different  compartments  is  continuous. 
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We  must  therefore  picture  the  protoplasmic  film  of  the 
various  sieve-tubes  as  extending  uninterruptedly  throughout 
the  whole  length  of  the  plant.  It  is  known  in  other  cases 
that  the  protoplasm  of  adjacent  cells  is  in  organic  continuity, 
by  filaments  of  its  substance  which  pass  from  cell  to  cell 
through  perforations  in  the  cell-walls.  Arising  out  of  these 
and  other  facts  has  come  the  conception  of  the  Continuity 
of  Protoplasm.  It  is  thought  that  an  organ- 
ism must  be  conceived  as  consisting  not  of 
isolated  cells  bound  together  by  cement  sub- 
stance, but  of  a network  of  protoplasm,  which 
is  supported  by  more  or  less  rigid  cell-walls, 
cement  substance,  or  other  skeletal  structures. 

In  connection  with  this  conception  the  student 
should  refer  to  the  chapter  on  Histology,  and 
note  the  facts  in  connection  with  unstriped 
muscle,  striped  muscle,  cardiac  muscle,  the 
bone  corpuscles  and  the  concrescence  of  Held 
(p.  271).  In  all  these  instances  we  have  exam- 
ples, more  or  less  definite,  of  a limited  degree 
of  continuity  of  protoplasm.  But  the  continuity 
of  protoplasm  within  the  area  of  a particular 

tissue,  01  of  particular  tracts  of  a specific  tissue,  jrIG  2 . £n 

does  not  necessarily  imply  that  the  whole  larged’  view  of 


organism  is  an  example  of  such  continuity.  longitudinal  sec- 
To  come  back  to  the  sieve-tubes.  They  are,  Sew-ttefthJ 
n the  higher  plants,  accompanied  with  long  reSion  of  a sieve- 
:ells,  full  of  a densely  granular  protoplasm  and  Kof£"2“ 
containing  a nucleus.  These  cells  have  thin  tube  lie  com- 
:ellulose  walls,  and  are  arranged  in  rows  along  panion  cells' 
he  sides  of  the  sieve-tubes.  They  are  “reservoirs”  and 

utterS  Thy  alS°  " manufacturers,”  of  nitrogenous’  food 
uateriai.  They  arise  by  the  division  of  the  same  cambisl 
laughter  cell  from  which  the  particular  compartment  0T  the 
-ve  tube  to  which  they  are  attached  took  ids  ortl.  Cat 
’ e reason  why  in  transverse  sections  of  the  stem  tiiev  often 
.ok  as  though  they  had  been  cut  off  from  the  s^e-tube 
he  xylem  vessels  are  seemingly  rather  more  complex 
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than  the  sieve-tubes.  They  arise  in  the  same  way  by  the 
superposition  of  cells  in  vertical  rows.  But  in  this  case  the 
transverse  walls,  as  a rule,  become  wholly  absorbed.  Con- 
tinuous tubular  vessels  are  thus  produced. 

At  first  the  cells  that  are  destined  to  become  part  of  a 
xylem  vessel  have  abundant  protoplasm,  a nucleus,  and  a thin 
cellulose  wall.  But  as  development  proceeds  and  the  transi-  ■ 
tion  from  cell  to  vessel  takes  place,  the  protoplasm  becomes  • 

progressively  reduced  and  the. 
wall  of  the  cell  is  thickened  by  i 
a deposit  of  woody  substance,  i 
called  lignin. 

The  deposition  of  this  lignin  :s 
upon  the  inner  surface  of  the-, 
primary  cellulose  cell-wall  does-  : 
not  occur  uniformly.  It  may  in- 
deed assume  various  forms.  The 
most  simple  is  when  rings  of 
wood  are  laid  down  at  intervals  t 
within  the  wall  of  the  vessel.  ? 
Such  a vessel  is  distinguished  as  ; 
an  annular  vessel. 

Equally  simple  is  the  case  : 
where  the  woody  deposit  takes 
the  form  of  a thread  or  string., 
spirally  wound  round  within  the 
wall.  In  these  cases  we  call  the 
vessels  spiral. 

In  other  vessels  the  deposit  is  laid  down  in  successixely  | 
very  thin  layers,  each  being  perforated  by  a number  of 
pores.  And  as  each  layer  is  deposited  the  pores  in  the  one 
correspond  in  size  and  position  to  those  in  the  others.  The.  | 
primary  cellulose  wall  thus  becomes  thickened  by  a more 
or  less  thick,  uniform  layer  of  wood,  the  whole  thickness  ot 
which  is  perforated  by  tubular  pores.  The  primary  cellulose- 
wall  is  not  perforated,  so  that  the  cavities  of  contiguous  jr 
vessels  are  not  in  actual  communication,  but  are  separated  1 1 
by  this  thin  primary  film.  Vessels  of  this  kind  having  walls  j 


^jijj 

Fig.  25. — Longitudinal  section 
through  the  xylem  of  vascular 
bundle  from  Impatiens  balsarniac, 
showing  : g,  spiral,  and  f,  annular 
vessels. 
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traversed  by  simple  tubular  pits,  under  the  microscope 
present  a dotted  appearance,  and  are  called  “ dotted  ” or 
simple-pitted  vessels. 

But  there  is  another  type  of  pitted  vessel,  in  which  the 
pits  are  not  of  the  simple  tubular  kind,  but  have  the  form 
of  the  space  which  is  enclosed  when  two  watch-glasses  are 
placed  edgewise  together.  It  has  been  formed  in  the  same 
way  as  the  sample  pit,  but  instead  of  the  deposited  layers 
having  their  respective  perforations  of  equal  size,  they  be- 
come progressively  smaller  with  each 
successive  layer.  Such  pits  when 
seen  under  the  microscope  show  a 
bright  centre,  which  is  the  actual 
orifice  of  the  pit  or  perforation  of 
the  last  deposited  layer.  This  is 
surrounded  by  the  border  (the  op- 
tical expression  of  the  base  of  the 
pit  or  widest  perforation  of  the  first 
deposited  layer).  The  vessels  con- 
fining such  pits  are  therefore 
palled  bordered-pitted  vessels. 

In  some  pitted  vessels  the  pits 
pre  lengthened  out  into  slit-like 
issures.  They  are  usually  arranged 


© 


- . j — *~**&^«a  Fig-  26.—  Diagram  of  bor- 

n a vertical  series,  like  the  rungs  in  dere1  pits  and  scalariform 

• ladder,  and  hence  the  jCSSj'  Vessel  with  bor- 

a1w,  ’ , nence  tile  vessels  are  dered  p,ts.  b.  Scalariform 

ailed  scalariform  vessels.  v?sseI  with  elongated  bordered 

TL-1  •'  --  pits. 


ailed  scalariform  vessels. 

That  the  walls  of  a thickened 

Co2  Pa“rw°SS  beC°me  thickened  by  woody 
ive  seen  fL  ls  perforated  by  simple  pits.  We 

•osenchyiMtouI  or  d7  ?®Ue  (composed  either  of 

indamental  or  ground  *chymato?s  celIs)  occurs  in  the 
1 * issue,  it  is  called  sclerenchyma. 
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But  when  woody  prosenchymatous  cells  appear  in  the 
vascular  tissues  they  are  called  wood-  or  xylem  fibres. 

They  are  mostly  cells  in  which  the  protoplasm  has  com- 
pletely disappeared.  The  wood  fibres  sometimes  are  so 
twisted  and  matted  that  even  in  a longitudinal  section  the 
whole  length  of  a cell  rarely  appears. 


CHAPTER  XVI 


THE  STRUCTURE  OF  THE  STEM 

EXAMINATION  of  a transverse  section  of  the  stem  of 
most  dicotyledonous  herbaceous  plants,  such  as  that 
of  the  Bryony  or  Sunflower,  will  show  that  externally  it  is 
limited  by  a thin  membrane,  the  epidermis  (Text-figs.  27  and 
28,  and  Plate  III,  ep).  This  is  composed  of  a single  layer 
of  oblong  or  square  cells,  which  contain  protoplasm  and  a 
nucleus,  but  as  a rule  are  devoid  of  chloroplastids.  The 
epidermis  usually  bears  hairs  of  various  sorts,  either  uni- 
cellular or  multicellular,  or  both.  It  is  also  pierced  by 
stomata,  which  are  encircled  by  modified  epidermal  cells, 
he  guard  ce  Is.  The  general  description  of  this  tissue  of 
the  stem  has  been  already  considered  {supra,  p.  101). 

Within  the  epidermis  lies  the  cortex  (Plate  III,  cor)  com- 
posed  Of  the  cortical  or  extra-stelar  ground  tissue.  In 
both  types  of  stem  which  we  are  considering  (Bryony  and 
sunflower)  the  outer  layers  of  the  cortex  consist  of  collen 
. yma  (col  ) which  forms  a cylinder  of  mechanical  tissue 
But  this  collenchymatous  zone  is  not  merely  a dead  and 

^cSnrVT  U iS  alS°  Hvingand  assimilatory.  Its 
t.ain  ProtoP!asm  and  chloroplastids.  The  presence 

atory  functions  “ With™' ff1106  the  existence  of  assimi- 

> titrrr 2one  there 

one  of  undifferentiated  m , Sunflower  a wider 

paces  (in.s)  These  com^ lrench>'ma  H with  intercellular 
he  similar  'spaces  4“^!  ^ thro“«h 

ach  stoma.  The  cells  of  HP  collencliyma  just  beneath 

lin  Protoplasm,  a nucleus  and^n^  Par.enchyma  also  con- 

■ - - i:  r, 

ns  ‘ 


n6 


OUTLINES  OF  BIOLOGY 


some  cases  the  innermost  layer  of  the  cortical  parenchyma  is 
clearly  differentiated  in  the  form  and  size  of  its  cells  from 
the  rest  of  the  tissue.  In  other  cases  there  is  no  obvious 
difference.  This  innermost  layer  of  the  cortex  is  distin- 
guished by  the  term  bundle-sheath  or  endodermis  (en). 

The  central  part  of  the  stem,  that  is  all  which  is  enclosed 
within  the  endodermis,  is  occupied  by  a vascular  cylinder 
called  the  stele.  In  other  words,  the  stele  is  a cylinder 
enclosing  the  main  strands  of  the  vascular  tissues.  The 
wall  of  this  cylinder  is  called  the  pericycle  (per). 

Two  types  of  pericycle  may  be  recognized.  In  the  first 


Fig.  27. — Part  of  a transverse  section  through  the  stem  of  a dahlia,  showing: 
1.  The  epidermis.  2.  Five  vascular  bundles.  3.  Parenchymatous  tissue. 

the  tissue  is  all  of  one  kind,  either  sclerenchyma  or  paren- 
chyma. This  kind  of  pericycle  is  called  homogeneous. 
Such  a type  is  present  in  Bryony,  where  the  pericycle 
consists  of  some  three  to  seven  layers  of  sclerenchymatous 
cells.  In  the  Sunflower,  on  the  other  hand,  we  have  a 
heterogeneous  type  of  pericycle.  In  this  case  it  consists 
of  two  kinds  of  tissues.  There  are  the  sclerenchymatous 
strands  running  down  on  the  outer  side  of  the  vascular 
bundles  ; alternating  with  them  are  parenchymatous  strands 
which  fill  up  the  gaps  between. 

We  may  regard  such  a pericycle  as  being  originally 
homogeneous  and  parenchymatous.  Its  differentiated  con- 
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dition  is  due  to  the  development  of  hard  tracts  of  scleren- 
chyma  in  it  as  the  pericycle  becomes  older.  Or  we  may 
regard  it  as  a sclerenchymatous  pericycle  which  has  become 
broken  up  in  the  areas  between  the  vascular  bundles  so  that 
the  cortical  tissues  are  in  free  communication  with  the 
medulla.  Under  this  conception,  the  idea  of  the  existence 
of  a stele  no  longer  holds,  and  we  should  designate  the 
condition  as  one  of  astely. 

A heterogeneous  pericycle  need  not  necessarily  be  com- 
posed of  the  two  particular  tissues  mentioned,  i.e.,  scleren- 
chyma  and  parenchyma.  In  other  cases,  we  hnd  it  consists 
of  parenchyma  and  glandular  tissues,  such  as  resin  ducts. 

In  the  stem  the  pericycle  is  nearly  always  multilayered, 
while  in  the  root  of  the  higher  plants 1 it  is  usually  single- 
layered, with  sometimes  a tendency  here  and  there  to 
become  two-layered. 

Within  the  pericycle  are  two  chief  tissues,  the  intra- 
stelar  ground  tissue  or  the  conjunctive  parenchyma  and 
the  vascular  tissues.  These  latter  run  in  the  form  of 
definite  tracts  or  bundles  of  tissue,  and  are  hence  called 

vascular  bundles. 

Structure  of  Vascular  Bundles 


In  a dicotyledon  three  tissues  take  part  in  the  constitution 
)f  a vascular  bundle.  They  are  the  phloem  on  the  outside 

he  xylem  on  the  inside,  with  the  cambium  between 
ne  two. 


! The  phloem  is  made  up  of  three  elements.  The  chief 
ns  duent  xs  the  collection  of  sieve-tubes  (Plate  III,  si.t). 
F/ft  are  the  companion  cells  (comp).  And  last  is  the 
]1°em  Parenchyma,  which  acts  as  a sort  of  packing  tissue 

coifrse leth°ithei;  ,tWO  tiSSUeS  t0Sethe‘-  - • coLrentgstrand! 
I course  this  phloem  parenchyma  should  not  be  regarded 

r„ei:  dp,r;ve  ‘;ssuc- u ^ 

.her'ir  d,ffusion’ a,,d’ uke  the 

b ■»  Gymiiospenns  (Firs) 
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Three  tissue  elements  also  take  part  in  the  formation  of 
the  xylem.  There  are  the  xylem  vessels  (x.v)  with  large 
cavities,  the  smaller  xylem  fibres  (x.f)  and  the  xylem 
parenchyma. 

An  examination  of  a transverse  section  of  a stem  shows 


Fig.  28. — A single  bundle  from  Fig.  27,  enlarged,  a.  Epidermis  with  t 
cuticle,  b.  Collenchymatous  cells,  c.  Cells  with  chlorophyll,  d.  Hard  bast  1. 
or  pericycle  fibres  ; below  this,  opposite  e,  is  soft  bast  parenchyma  containing  : h 
sieve-tubes,  some  cut  across  through  the  sieve-plates,  others  cut  through  the 
albuminous  mass  stretching  between  the  sieve-plates,  f.  Cambium,  h.  Outer 
row  of  wood-vessels ; nearer  the  centre  are  three  other  rows  containing  a 
diminishing  number  of  vessels,  k.  Wood  parenchyma. 

that  the  xylem  vessels  are  more  or  less  radially  arranged 
and  that  the  more  central  ones  on  each  ray  are  smaller  than 
the  outer  ones.  In  a longitudinal  section  of  the  vascular 
bundle  the  most  central  and  smallest  vessels  are  of  the  spiral 
and  annular  types,  while  the  smaller  ones  immediately 
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without  them  are  pitted  vessels.  This  central  portion  is  the 
primary  xylem  (Pr.xy),  and  it  has  a different  origin  and 
is  formed  earlier  than  the  rest  of  the  xylem.  The  remaining 
or  outer  portion  is  known  as  secondary  xylem. 

The  primary  xylem  is  formed  at  the  apical  region  of  the 
stem,  and  the  secondary  xylem  does  not  arise  until  some 
time  after  the  primary  and  some  way  down  the  stem,  well 
below  the  apical  region.  Transverse  sections,  taken  on  the 
apical  region  of  a stem,  or  a little  way  behind  it,  will  there- 
fore show  primary  xylem  alone.  It  would  be  necessary  to 
take  sections  some  way  down  the  stem  before  secondary 
xylem  could  be  seen. 

Primary  xylem  is  formed  from  an  apical  meristem,  or 
genetic  tissue  situated  at  the  apex  of  the  stem.  Secondary 
xylem  is  developed  from  the  cambium,  which  is  a genetic 
tissue  lying  between  the  phloem  and  cambium  of  the 
vascular  bundles. 

The  primary,  like  the  secondary  xylem  when  it  is  first 
developed  consists  of  thin-walled  cells  or  tubes.  Before 
these  can  become  xylem  they  must  be  lignified.  Now  it  is 
known  by  a study  of  serial  sections  taken  through  the  apical 
region  of  a stem,  that  the  central  portion  of  the  primary 
xylem  lignifies  before  its  outer  part.  This  first-formed 
portion  of  the  xylem  consists  of  annular  and  spiral  vessels 
and  is  called  the  protoxylem  (Po.xy).  The  other  and 
outwardly  situated  part  of  the  primary  xylem  lignifies  at  a 
later  stage  and  consists  of  pitted  vessels.  It  is  called  the 
metaxylem  (Me.xy). 

We  see  that  the  development  of  the  primary  xylem  thus 

proceeds  from  within  to  without.  It  follows  a centrifugal 

direction.  Now  in  the  root,  we  have  the  same  distinction 

into  protoxylem  and  metaxylem  of  the  primary  xylem,  but 

*'C  j.eve  °Pment  from  without  to  within,  or  centri- 

outs^LUltdireC!10n,1  ThC  Protoxylem  in  the  root  is  thus 
°utside  the  metaxylem  and  not  inside  as  in  the  stem. 

sernnlph  °em,llke  the  Xylem  is  divisible  into  primary  and 

the  nrimn  P°r  !,°nS  UP,°n  precisely  the  same  grounds.  And 
primary  phloem  also  differentiates  in  two  periods  ; but 
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with  this  tissue  the  protophloem  lies  outwardly  and  the 
metaxylem  inwardly. 

We  must  not  fail  to  observe  that,  owing  to  the  mode  of 
formation  of  secondary  vascular  tissues,  the  primary  xylem 
lies  to  the  extreme  inner  edge  of  the  secondary  xylem,  while 
the  primary  phloem  lies  to  the  extreme  outer  side  of  the 
secondary  phloem.  We  mention  the  point  here,  as  a fact, 
but  the  student  will  understand  the  reason  of  it  when  we 
consider  the  nature  of  the  cambium. 

The  Cambium 

The  cambium  (Plate  III,  cam)  is  a permanently  genetic 
tissue  situated  between  the  phloem  and  the  xylem.  It  con- 
sists of  mother  cells,  which  perennially  divide  and  produce 
daughter  cells.  The  latter  may  be  able  to  divide  perhaps 
once  or  twice  after  they  are  cut  off  from  their  mother  cells, 
but  their  capacity  for  division  is  strictly  limited.  That  of  the 
mother  cell,  on  the  contrary,  so  long  as  it  lives,  is  unlimited. 

The  fate  of  the  daughter  cells  is  somewhat  curious  when 
we  remember  that  they  all  come  from  similar  mother  cells. 
If  a daughter  cell  is  budded  off  to  the  outer  side  of  the 
mother  cell,  it  ultimately  develops  into  one  of  the  three  con- 
stituents of  the  phloem,  namely,  a companion  cell,  a phloem 
parenchyma  cell,  or  it  adds  one  compartment  to  a sieve-tube. 
If  the  daughter  cell  is  budded  off  towards  the  inner  side  of 
the  mother  cell  it  develops  into  one  of  the  three  constituents 
of  the  secondary  xylem,  namely,  a wood  fibre,  a xylem 
parenchyma  cell,  or  contributes  to  the  formation  of  a xylem 
vessel.  The  generalization  that  the  cambial  mother  cell  is 
thus  continually  dividing  and  cutting  off  daughter  cells,  some- 
times to  the  outside  and  sometimes  to  the  inside,  and  that  the 
former  give  rise  to  phloem  elements  and  the  latter  to  xylem 
elements,  is  known  as  Sanio's  Law. 

The  Intra-stelar  Ground  Tissue 

The  intra-stelar  ground  tissue  or  conjunctive  parenchyma 
(conjunctiva)  may  be  divided  into  two  portions.  There  is  a 
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central  part,  occupying  the  axis  of  the  stele  and  filling  up  the 
central  core  invested  by  the  vascular  bundles,  and  consisting 
of  a large-celled  parenchyma.  This  is  called  the  medulla  or 
pith  (med).  The  other  part  consists  of  a parenchyma  of 
smaller  cells,  and  it  fills  up  the  spaces  between  the  vascular 
bundles.  Each  tract  which  lies  between  any  two  vascular 
bundles  is  called  a medullary  ray  (mr).  In  some  stems 
the  medulla  or  pith  is  clearly  bounded  by  a definite  cylinder 
of  a small-celled  parenchyma,  which  lies  just  within  the  vas- 
cular zone.  This  is  called  the  perimedullary  zone  or  endo- 
cycle  (pz). 


CHAPTER  XVII 


THE  STRUCTURE  OF  THE  LEAF 
HE  minute  structure  of  a typical  dicotyledonous  leaf 


may  be  seen  in  a transverse  section  of  the  leaf  of  a 
beech  or  of  a holly.  We  will  describe  the  former  first.  The 
outer  surface  of  the  leaf  is  composed  of  a unilayered  mem- 
brane, the  epidermis.  The  general  features  of  this  tissue  we 
have  already  considered.  Here  we  need  only  note  certain 
special  features  which  characterize  the  epidermis  of  this  par- 
ticular leaf.  The  leaf  being  thin  and  flat  has  obviously  an 
upper  and  lower  surface.  The  epidermis  of  the  two  surfaces 
is  different.  The  cells  of  the  upper  epidermis  (Fig.  29)  are 
large  and  squarish,  while  those  of  the  lower  surface  are 
smaller,  flatter,  and  approximately  rectangular  in  form.  In 
the  cells  of  both  layers  chlorophyll  grains  are  absent.  More- 
over, the  upper  surface  is  devoid  of  stomata,  while  they  are 
present  in  large  numbers  upon  the  under  surface. 

Between  the  upper  and  lower  epidermis  is  the  meso- 
phyll  or  “ middle-leaf.”  In  most  dicotyledons  this  part  of 
the  leaf  is  differentiated  into  an  upper  palisade  layer  and  a 
lower  spongy  parenchyma.  The  former  is  made  up  of  a single 
layer  of  long  column-shaped  cells  with  their  length  arranged 
at  right  angles  to  the  surface  of  the  leaf.  Numerous  chloro- 
phyll grains  are  present  in  these  cells,  and  they  are  arranged 
in  a single  layer,  lying  in  the  protoplasm  just  within  the  cell- 
wall.  This  mode  of  arrangement,  instead  of,  for  instance, 
being  packed  in  a central  mass,  allows  every  chlorophyll  grain 
to  receive  some  at  least  of  the  rays  of  light  falling  upon  the 
surface  of  the  leaf.  Not  only  that,  but  the  cells  of  the  pali- 
sade layer,  although  regularly  arranged,  are  not  continuously 
cemented  to  each  other,  like  the  bricks  in  a wall,  but  are 
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loosely  packed,  so  that  a slight  space  separates  the  cells  from 
each  other.  Into  these  spaces  the  atmospheric  air,  with  its 
carbon-dioxide  gas,  finds  its  way.  Now,  one  of  the  functions 
of  the  chlorophyll  grains  is  to  utilize  this  carbon-dioxide  for 
purposes  of  nutrition.  And  clearly,  when  the  grains  are 
arranged  in  a single  layer  upon  the  surface  of  the  cell-wall, 
the  facility  for  taking  up  the  carbon  dioxide  is  much  greater 


Fig.  29— Cross-section  through  the  leaf  of  a beech.  Showing  at  the  top 
he  epidermis  cells  without  chlorophyll,  then  the  palisade  layer  with  chlorophyll, 
then  spongy  layer  with  all  the  cells  containing  chlorophyll  and  with  many  air- 
spaces  between  the  cells  lastly  the  epidermis  of  the  under  surface  with  a stoma. 

bot,ies  ,yiog  lhe 


than  if  they  mutually  interfered  with  each  other  bv  being 
massed  together. 

The  spongy  parenchyma  is  so  called  because  of  its  spongy 
exture.  This  sponginess  is  due  to  the  presence  of  a number 
0 aiSe  intercellular  spaces,  which  are  formed  by  the  irre- 
gu  ar  anangement  and  form  of  the  cells  which  compose  the 
tissue.  These  cells  are  characterized  by  the  large  number  of 
chlorophyll  grains,  or  chloroplastids  as  they  are  sometimes 
called,  which  they  contain.  The  large  intercellular  air-spaces 
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allow  the  free  circulation  of  air  and  gases  among  the  cells  of 
the  spongy  mesophyll.  These  spaces  are  in  free  communica- 
tion with  the  external  air,  through  the  stomata  which  pierce 
the  lower  epidermis. 

We  must  now  consider  the  nature  of  the  chlorophyll  grains, 
or  chloroplastids  as  they  are  sometimes  called.  In  higher 
plants  they  are  present  as  small  definite  corpuscles,  usually 
rounded  but  occasionally  angular.  Like  the  chromatophores 


Fig.  30. — Cross-section  through  leaf  of  Selagintlla,  showing  the  epidermis 
containing  chlorophyll,  spongy  parenchyma  in  the  middle  of  which  a libro- 
vascular  bundle  has  been  cut  through,  and  the  epidermis  of  the  under  side 
with  stomata.  The  chlorophyll  bodies  are  large  and  irregular,  and  contain 
starch  granules.  (After  Sachs.) 

of  Spirogyra , they  consist  of  a protein  substance  impregnated 
with  the  green  pigment.  These  chlorophyll  granules  are 
present  in  varying  numbers.  They  are  always  embedded  in 
the  protoplasm  of  the  cell.  In  the  cells  of  some  plants  there 
are  very  many ; in  the  cells  of  others  fewer,  and  it  is  in  general 
true  that  in  lower  plants  the  chlorophyll  corpuscles  are  fewer 
in  number,  larger,  and  less  definitely  shaped  than  they  are  in 
higher  plants  (Fig.  30).  In  the  lower  plants  they  may  be 
stellate,  latticed,  plate-like,  band-like,  and  in  a few  cases  the) 
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form  hollow  spheres.  In  Spirogyra  they  assume  the  shape 
of  spirally  wound  bands  (Fig.  8). 

Chlorophyll  corpuscles  arise  from  colourless  bodies  (leuco- 
plastids)  present  in  young  cells.  When  mature,  they  have 
the  power  of  arranging  and  rearranging  themselves  in  the 
cells  they  inhabit,  under  the  stimulus  of  light.  When  kept  in 
the  dark  for  some  time  the  green  colour  changes  to  yellow, 
and  the  corpuscles  break  up.  The  autumnal  colours  of  leaves 
are  due  partly  to  changes  of  this  kind. 

The  green  pigment  or  chlorophyll  plays  a very  important 
part  in  the  life  of  all  green  plants.  It  is  soluble  in  alcohol, 
ether,  and  chloroform.  By  transmitted  light  the  solution  is 
green,  but  by  reflected  light  it  appears  blood-red.  Chloro- 
phyll appears  to  be  an  extremely  unstable  substance,  and  this 
fact  renders  the  ascertainment  of  its  chemical  composition  a 
matter  of  uncertainty.  It  does  not  contain  iron  as  was  pre- 
viously thought,  and  when  heated  about  2 per  cent,  of  ash 
is  left  behind  containing  magnesia,  calcium,  phosphoric  and 
sulphuric  acids. 


Chlorophyll  corpuscles  possess  the  power  of  dividing  and 
thus  multiplying  their  numbers.  In  some  cases  they  even 
change  their  form  during  their  life. 

The  leaf  is  traversed  by  a number  of  branching  veins  or 
vascular  bundles.  In  sections  of  the  leaf  these  are  seen  to 
lie  at  the  junction  of  the  palisade  layer  with  the  spongy 
parenchyma.  The  xylem  of  the  bundles  lies  uppermost, 
that  is,  faces  the  upper  epidermis,  while  the  phloem  is 
beneath  it. 


Seen  in  section  beneath  the  microscope  the  upper  surface 
of  a leaf  may  be  distinguished  from  the  lower  by  two  points  : 
hrst,  the  palisade  layer  is  beneath  the  upper  epidermis  and 
the  spongy  parenchyma  is  within  the  lower;  second  the 
position  of  the  xylem  in  the  vascular  bundles  indicates  the 
position  of  the  upper  surface,  which  it  faces. 

The  holly  leaf  is  very  similar  in  structure  to  that  of  the 
beech,  but  it  differs  from  it  chiefly  in  two  features.  First, 
beneath  the  epidermal  layer,  lying  between  it  and  the  central 
mesophyll,  is  a layer  of  rather  large  squarish  cells,  called  the 
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hypodermis.  Second,  the  outer  walls  of  the  epidermal  cells 
are  chemically  and  physically  modified  to  form  an  im- 
pervious substance  called  cuticle.  This  is  present  in  most 
leaves,  though  in  many  it  is  extremely  thin,  as  it  is  in  the 
beech.  But  in  the  holly  it  is  very  thick,  especially  upon  the 
upper  surface  of  the  leaf. 

The  formation  of  cuticle  and  its  presence  in  plants  which 
live  under  more  or  less  dry  and  hot  conditions,  and  its 
absence  in  aquatic  plants,  its  strong  development  in  ever- 
green leaves  and  its  weaker  development  in  deciduous  leaves, 
or  those  which  are  annually  replaced,  is  a striking  illustration 
of  the  adaptation  of  a plant  to  its  environment.  All  cells 
when  they  are  first  formed  are  covered  with  a thin  and 
delicate  cellulose  wall.  But  in  the  course  of  development, 
those  cells  which  are  exposed  to  the  surface  undergo  a 
modification  in  their  outer  walls.  These  become  thickened 
and  divided,  as  it  were,  into  an  inner  cellulose  portion, 
merging  imperceptibly  into  an  outer  cuticular  portion.  In 
the  cuticularized  part  the  cellulose  becomes  altered  and  is 
replaced  by  a mixture  of  stearin  and  the  glyceride  of  a fatty 
acid  (suberic  acid),  forming  a tallow-like  fat  called  suberin 
or  cutin.  This  fatty  substance  thus  investing  the  whole 
surface  of  the  leaf  is  impermeable  to  water  and  aqueous 
vapour.  A leaf  thus  protected  may  be  exposed  to  a dry, 
hot  atmosphere  without  losing  an  undue  quantity  of  its 
water,  and  is  therefore  protected  against  desiccation.  A leaf 
devoid  of  cuticle  is  unable  to  survive  a day’s  exposure  to  a 
dry,  hot  atmosphere,  especially  if  the  air  is  in  motion. 

When  we  say  that  the  presence  of  this  cuticle  on  plants 
exposed  to  dry  conditions  and  its  absence  on  those  which 
live  in  a humid  or  aquatic  habitat  is  an  example  of  adaptation 
to  the  environment,  the  student  must  be  careful  not  to  allow 
any  loose  preconceptions  which  he  may  have  acquired  to 
induce  him  to  wrongly  interpret  the  statement.  It  should 
be  clearly  and  definitely  grasped  that  all  adaptations  are 
internal  (gametic)  and  not  external  (somatic)  in  origin.  They 
arise  from  innate  qualities  and  not  outward  stimuli.  They 
are  congenital  and  belong  to  the  characters  of  a race,  and 
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are  not  mere  individual  responses  to  capricious  and  varying 
; external  influences.  We  cannot,  for  instance,  take  a plant 
I which  is  inherently  adapted  to  a damp  atmosphere,  and  by 
placing  it  in  a dry  one  thereby  cause  it  to  become  adapted 
to  its  changed  circumstances.  The  mere  presence  of  a dry 
atmosphere  cannot  by  itself  cause  a cuticle  to  develop  upon 
the  leaves  of  a plant  which  belongs  to  a race  congenitally 
incapable  of  forming  it.  That  experiment  has  been  tried 
again  and  again,  and  failed  each  time.  In  Vienna  one  such 
' experiment  was  tried.  A species  of  palm,  Caryola  propinqua, 

> was  grown  in  a greenhouse  in  the  botanical  gardens  there, 

) and  it  developed  in  the  damp  air  a magnificent  stem  with 
large  leaves.  On  a summer  day,  when  the  temperature  of 
the  open  air  coincided  with  that  of  the  greenhouse,  this 
Caryota,  together  with  the  tub  in  which  it  was  rooted,  was 
carried  into  the  open  and  placed  in  a somewhat  shady 
place,  but  partly  exposed  to  the  sun’s  heat.  One  day,  after 
a warm,  dry  east  wind  had  swept  for  only  a short  time  over 
the  foliage,  it  became  quite  brown,  and  in  the  evening  all 
the  leaves  were  entirely  dried  up  and  dead.  Microscopical 
examination  of  the  leaf  showed  that  it  possessed  only  a 
delicate  epidermis  without  thickened  walls,  and  within  was 
a succulent  tissue  likewise  with  delicate  and  unthickened 
walls. 

Mere  change  in  environment  does  not  change  inherent 
structure  by  producing  adaptive  and  related  responsives  in 
the  somatic  or  body  tissues.  It  may  destroy  an  organism  as 
it  did  the  Caryota , but  it  cannot  change  it.  And  this  is  true 
whether  the  environmental  influences  operate  for  only  a 
l s 10rt  period  or  extend  throughout  many  generations. 

That  this  is  so  is  shown  by  the  flora  of  the  desert  of 
aits,  m Northern  Ceylon.  The  plants  of  this  region  are  the 
! remainder  of  the  flora  of  a previous  period,  when  the  soil 
■ and  conditions  had  not  become  arid.  The  physical  environ- 
1 ment  has  changed  in  this  district.  But  have  the  plants 
changed  correspondingly  ? Examination  of  the  commonest 
p ants  of  the  flora  show  that  they  have  none  of  the  qualities 
ot  desert  plants.  In  direct  contrast  with  ordinary  desert 
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types,  they  have  a thin  and  delicate  epidermis  with  exposed 
stomata  ; they  are  annuals,  growing  rapidly,  blooming  and 
ripening  their  seeds  before  the  height  of  the  dry  season. 
Exposure  to  extreme  conditions  has  not  changed  these 
plants  in  a desirable — that  is  adaptive — direction.  During 
the  many  centuries  that  these  plants  must  have  existed  in 
the  desert  in  annual  generations,  no  single  feature  in  the 
anatomical  structure  has  become  changed. 

And  yet  there  remains  the  fact  that  organisms,  both  plant 
and  animal,  are  to  a greater  or  less  degree,  adapted  to  their 
surroundings.  If  the  environment  does  not  itself  directly 
produce  this  adaptation,  how  then  came  it  to  exist  ? It 
came,  because  in  Nature  organisms  are  moulded  to  their  en- 
vironment, and  not  the  environment  changed  to  suit  the  needs 
of  an  organism’s  structure  and  capacities.  The  environ- 
ment is  there  throughout  long  geological  periods,  relatively 
stable  and  having  no  regard  of  any  sort  to  the  deficiencies 
and  weaknesses  of  the  races  exposed  to  its  operations.  If 
individuals  are  not  inherently  adapted  to  the  conditions  by 
which  they  are  surrounded  and  from  which  they  cannot 
escape,  as  was  the  Caryota  to  the  climatic  conditions  of 
Vienna,  then  they  perish,  and  with  them  the  race  which  they 
represent.  But  if  they  are,  then  they  survive. 

The  so-called  adaptations  which  we  see  in  Nature  are 
the  result  not  of  adaptation  in  its  strict  and  literal  sense, 
but  of  elimination.  Let  us  imagine  a room  having  its 
walls,  ceiling,  and  floor  of  a red  colour  and  flooded  with 
red  light ; into  this  room  a procession  of  forms  of 
different  colours  pass.  If  we  further  suppose  that  all  the 
forms  which  are  of  the  tint  of  red  of  the  room  itself 
remain,  while  all  the  forms  of  other  colours  pass  out, 
there  will  remain  in  the  room  only  the  forms  which  have 
colour  that  harmonizes  with  their  surroundings.  Such  forms 
are  chromatically  adapted  to  their  colour  environment. 
But  there  has  been  no  adaptation  in  the  literal  sense,  only  a 
preservation  or  retention  of  things  which  conformed  to  the 
surroundings.  The  cardinal  point  to  note  is  that  this  adap- 
tation has  not  been  reached  by  the  alteration  of  every  form 
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which  entered  the  room,  but  only  by  the  retention  of  those 
which  were  already  from  their  inherent  nature  in  adaptation 
to  the  conditions. 

Analogies  nearly  always  carry  within  them  latent  dangers 
and  stumbling-blocks.  Such  an  analogy  as  we  have  given 
must  be  used  with  care.  In  Nature  the  environment  is  a 
complex  of  many  factors  acting  continuously  and  simul- 
taneously ; it  does  not  consist  of  a single  factor.  The 
organisms  too  are  not  characterized  by  one  feature,  but  by 
many  structural  and  physiological  traits,  acting  not  in- 
dependently but  dependent  and  correlated.  Much  com- 
plexity is  thus  introduced  into  problems  of  Natural  Selection 
and  Evolution.  But  still  beneath  the  complexity  lies  the 
cardinal  fact  that  the  characters  of  an  organism  are  inherent 
and  depend  upon  what  its  race  has  hereditarily  transmitted 
to  it,  and  not  upon  any  direct  modification  produced  through 
environmental  operations. 


a 
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THE  STRUCTURE  OF  THE  ROOT 

IF  we  examine  the  root  of  a bean-plant  we  shall  note  that 
a little  behind  the  extreme  apex  it  is  more  opaque  than 
the  part  immediately  in  front  of  it.  The  more  transparent 
front  part  is  the  root-cap  which  covers  the  organic  apex  of 
the  root.  A little  way  behind  the  apical  region  the  root  is 
clothed  with  rather  fine  closely  set  hairs.  Some  way  still 
further  back  the  developing  lateral  rootlets  which  are  arising 
from  the  tissues  of  the  main  root  are  to  be  seen.  In  some 
plants  these  are  more  or  less  regularly  arranged  in  four 
vertical  rows. 

At  the  apical  region  of  the  root  new  tissues  are  being 
formed,  and  growth  in  length  is  occurring  ; in  this  region, 
therefore,  very  little  differentiated  structure  is  seen.  The 
root-hair  region  shows  the  primary  structure  of  the  young 
root,  and  behind  this,  where  the  lateral  rootlets  are  coming 
forth,  the  root  is  undergoing  secondary  thickening  owing 
to  the  formation  of  new  tissues  by  the  cambium.  This  cam- 
bium is  not  present,  as  a rule,  in  the  root-hair  region,  though 
it  is  often  developed  in  the  region  immediately  behind. 

In  order  to  see  the  primary  structure  of  the  root,  we  must 
therefore  examine  sections  across  it  in  the  root-hair  region. 
Here  the  root  is  bounded  externally  by  a membrane  com- 
posed of  a single  layer  of  thin-walled  cells  (Fig.  31,  pi).  It 
corresponds  to  the  epidermis  of  the  stem.  Many  of  its  cells 
are  prolonged  outwards  into  unicellular  hairs  (r.h).  These 
are  called  the  root-hairs.  They  are  essentially  the  absorptive 
tissue  of  the  root,  taking  up  the  water  with  its  dissolved 
mineral  matters  from  the  soil.  On  account  of  the  develop- 
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ment  of  the  root-hairs  from  this  outer  investing  membrane, 
it  is  called  the  piliferous  layer. 

Within  the  epidermis  is  the  cortex  (cor).  In  roots  this  is 


pr.xy. 


- jam. 

Img.  31.— Transverse  section  of  a rrw . 
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sence  of  an  apparent  dot-like  thickening  on  the  radial  wall  of 
the  cells.  It  is,  however,  only  apparently  a thickening,  and 
is  due  to  a delicate  undulation  of  the  radial  wall.  The  light 
from  the  microscope  mirror  is  reflected  from  the  bends  of 
these  undulations,  and  produces  therefore  the  optical  appear- 
ance of  a dark  spot. 

The  pericycle  (per),  which  in  the  root,  as  in  the  stem,  lies 
immediately  within  the  endodermis,  is,  for  the  most  part,  and 
in  most  roots,  a single-layered  membrane.  But  in  the  bean 
root,  opposite  the  phloem  strands,  it  tends  to  be  composed  of 
two  layers  of  cells.  The  pericycle  in  the  root  thus  differs 
from  the  same  sheath  in  the  stem,  for  it  is  there  multilayered. 

Within  the  pericycle  are  the  vascular  tissues  which  lie  em- 
bedded in  the  fundamental  tissue  or,  as  it  is  specifically 
called,  the  intra-stelar  ground  tissue.  In  this  portion  of  the 
root,  where  it  is  still  young,  the  vascular  tissues  are  all 
primary,  that  is,  derived  from  the  apical  meristem  or  the 
genetic  tissue  at  the  apex  of  the  root.  As  in  the  stem,  so 
in  the  root,  the  vascular  tissues  are  composed  of  xylem  and 
phloem  and  a certain  amount  of  parenchyma.  But  their 
arrangement  is  different.  Instead  of  lying  on  the  same  radii, 
the  phloem  immediately  outside  the  xylem,  they  lie  on  alter- 
nating radii.  The  phloem  strands  lie  somewhat  more  distally 
from  the  centre  than  the  xylem.  This  alternate  arrangement 
must  be  indicated  by  some  definite  term  ; and  while  we 
speak  of  the  type  of  bundle  in  the  stem  as  collateral,  that  in 
the  root  is  termed  radial. 

There  is  a further  difference  which  distinguishes  the 
primary  vascular  tissues  of  the  root  and  stem.  In  the  latter 
the  lignification  of  the  xylem  elements  begins  at  the  central 
part  and  proceeds  outwards  towards  the  periphery.  In  the 
root  it  is  the  other  way  round.  In  the  former  case  we  speak 
of  a centrifugal  development  of  the  primary  xylem,  and  in 
the  latter  of  a centripetal  development.  The  proto-xylem 
(pr.xy)  of  the  root,  like  that  of  the  stem,  consists  of  spirally 
and  annularly  thickened  vessels.  Pitted  vessels  are  absent. 
They  are  present  in  the  metaxylem  (met).  The  primary 
phloem  is  similar  in  composition  to  that  of  the  stem. 
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Apical  Development 

Both  stem  and  root  grow  in  length  by  the  addition  of  new 
tissue  which  is  developed  at  the  apex  of  the  organ.  In  some 
cases  there  is  situated  at  the  apex  of  stem  or  root  a little  mass 
of  rapidly  dividing  cells.  They  are  undifferentiated,  except 
their  outermost  layer,  and  are  characterized  by  their  abundant 
protoplasm,  relatively  large  nucleus,  absence  of  a vacuole, 
and  extremely  thin  delicate  cell-walls.  From  this  undifferen- 
tiated apical  meristem  are  derived  a genetic  dermatogen 
begetting  the  epidermis.  Behind  this  there  is  a periblem 
giving  rise  to  the  cortex  and  a central  plerome  from  which 
the  central  stele  and  its  vascular  tissues  are  derived. 

In  most  stems,  however,  the  apical  meristem  is  itself 
differentiated  into  these  three  layers,  so  that  we  can  trace  the 
epidermis  upwards  to  a single-layered  dermatogen  covering 
the  apex  of  the  stem,  and  the  cortex  to  a single-layered  peri- 
blem lying  within  the  dermatogen  at  the  apex,  and  the 
vascular  stele  to  single-layered  plerome  immediately  beneath. 
The  cells  of  the  dermatogen  divide  only  by  walls  at  right 
angles  to  the  surface  of  the  stem,  those  of  the  periblem  by 
parallel  walls  in  addition,  and  those  of  the  plerome  in  all 
directions. 

In  the  root  the  meristematic  layers  are  also  present  at  the 
apex,  but  in  addition  there  invests  the  organic  apex  of  the  root 
a little  mass  of  cells  which  fits  over  it  like  a cap.  This  is  called 
the  root-cap,  and  it  is  derived  from  a special  meristematic  layer 
called  the  calyptrogen.  This  gives  rise  to  both  the  piliferous 
layer  and  the  root-cap.  Its  cells  divide  alike  by  walls  at 
nght  angles,  and  parallel  to  the  surface.  The  outer  cells 
which  are  formed  by  the  parallel  divisions  go  to  form  the 

divirl?1!'  a"d  u“Se  7hich  lie  Within’  and  only  subsequently 

wh  rh  thy  ngh‘‘ang  ed  walls’  Produce  the  piliferous  layer, 
which  thus  remains  one  cell  thick.  J 
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STRUCTURE  OF  ANIMAL  CELLS 

WE  have  found  that  the  simplest  organisms,  whether 
they  belong  to  the  animal  kingdom  or  to  the  plant 
kingdom,  consist  of  single  cells.  The  bodies  of  all  higher 
animals  and  plants  are  made  up  of  many  cells  which  are 
the  result  of  cell-growth  and  cell-division.  In  a sense,  then, 
cells  are  the  units,  the  living  bricks  out  of  which  the  animal 
and  plant  body  are  built  up.  We  have  seen,  however, 
that,  as  in  Amoeba , Paramcecium , Monocystis,  Vorticella , and 
Protococcus , very  many  different  structures,  which  one  may 
call  organs,  are  present  within  the  cell,  and  that  different 
cells  assume  very  different  shapes  and  appearances  and  have 
very  different  properties.  In  the  body  of  the  plant  we  saw 
how  the  different  tissues  were  made  up  of  cells  specialized 
for  different  purposes.  So  also  in  the  animal  body  each 
tissue  and  organ  has  cells  of  special  structure  and  with 
special  functions.  In  Fig.  32  there  are  represented  three 
of  the  many  types  of  animal  cells  taken  from  a frog.  At 
a is  an  epithelial  cell  taken  from  the  roof  of  the  mouth.  The 
surface  of  the  cell  that  is  exposed  to  the  cavity  of  the  mouth 
is  covered  by  cilia,  which  serve  to  sweep  currents  of  water 
and  mucus  along  the  mouth.  At  b is  a cell  from  the  wall 
of  the  intestine  drawn  during  a period  of  activity ; the  end 
turned  towards  the  cavity  of  the  gut  has  pseudopodia  by 
which  food  particles  are  ingested  from  the  intestine  ; some 
of  these  appear  within  the  protoplasm.  At  c is  an  unstriated 
muscle  cell  from  the  bladder. 

Now  these  cells  are  typical  of  the  kind  of  cell-specialization 
which  occurs.  Each  of  them  is  modified  and  adapted  to 
serve  the  animal,  the  cell-community  of  which  it  forms  a part, 
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in  some  particular  direction.  But  in  addition  each  performs 

all  the  functions  of  protoplasm  on  its  own  account.  Each 

takes  in  oxygen  and  discharges  carbonic  acid,  takes  in  food 

materials  and  discharges  nitrogenous  waste ; each  grows  when 

there  is  a balance  of  income  from  food  over  expenditure, 

and  at  least  in  the  earlier  period  of  its  life,  though  seldom 

after  it  is  specialized,  each  is 

capable  of  reproduction  by 

simple  division. 

Overlooking  the  peculiarities 

of  the  different  kinds  of  cells, 

it  is  necessary  that  a clear  idea 

of  the  general  structure  of  every 

cell  should  be  attained  (Fig.  32, 

d).  The  protoplasm  of  the  cell 

consists  of  two  distinguishable 

parts.  There  is  what  appears 

under  the  highest  powers  of  the 

microscope  a network  or  mesh- 

work  extending  all  through  the  d 

body  of  the  cell.  This  is  so 

exceedingly  fine  that  the  meshes  Fig.  32. — a.  Two  ciliated  cells 

convey  the  appearance  of  gran-  from  roof  of  mouth  of  frog.  b.  Cell 

i-j  from  wall  of  frog’s  intestine  with 
e more  solid  fooc[  vacu0]es  and  pseudopodia,  c. 

material  ( see  Figs.  3 and  4),  Unstriped  muscle  cell  from  bladder 

but  there  is  reason  to  believe  °f,fr0S\,  d'  ?ia^amf  of  cel1--*- 

Cell-wall.  2.  Centrosome.  3. 

that  it  consists  not  of  a net-  Chromatin  lodged  in  linin  fibres  of 
work  of  more  solid  material  but  nucleus-  Nuclear  membrane.  5. 

of  quite  fluid  material,  forming  sap.  ^ y 

the  walls  of  the  bubbles  of  a 

very  delicate  foam.  Occupying  the  bubbles,  or,  as  it  is  more 
generally  described,  bathing  the  meshes  of  the  network, 
is  a fluid  juice  containing  probably  the  dissolved  nutritive 
materials  and  the  waste  products  of  the  protoplasmic  activity. 
Under  the  ordinary  powers  of  the  microscope,  all  that  can  be 
seen  is  a more  or  less  clear  or  granular  protoplasm.  This, 
which  forms  the  body  of  the  cell,  may  be  called  the  cytoplasm 
or  cell-protoplasm.  The  cell-wall,  when  present,  is  usually 
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only  a surface  film  and  may  theoretically  be  regarded  as 
consisting  in  the  first  place  of  more  regularly  arranged 
bubbles  of  the  foam  or  meshes  of  the  network,  but 
strengthened  by  deposits  of  a secretion  formed  by  the 
protoplasm  of  the  cell.  Within  the  cell  lies  the  nucleus, 
composed  at  certain  times  of  a network  and  a fluid  bathing 
the  network.  The  substance  of  the  network  may  be  called 
linin,  and  the  fluid  part  the  nuclear  sap.  The  nucleus  is 
surrounded  by  a delicate  nuclear  membrane.  All  the 
substances  within  the  nucleus  may  collectively  be  called  the 
nucleoplasm,  to  distinguish  it  from  the  cytoplasm.  The 
parts  of  the  cell  which  we  have  described  absorb  stains  or 
dyes  rather  feebly,  and,  when  a stained  cell  is  placed  in  a 
solution  containing  a solvent  of  the  stain,  the  greater  part 
of  the  colouring  is  removed.  But,  as  we  have  seen  already, 
there  is  within  the  nucleus  another  substance,  existing  in 
a granular  form,  and  which  absorbs  staining  materials  with 
greater  avidity,  and  which  combines  with  the  stains  so  firmly 
that  when  placed  in  a solvent  very  little  is  given  up.  This 
part  of  the  nucleus,  on  account  of  this  property,  is  named 
chromatin,  and  most  are  agreed  that  the  chromatin  is  the 
part  of  the  nucleus  which  is  the  bearer  of  its  special  pro- 
perties. In  most  stained  nuclei  these  chromatic  elements 
appear  as  little  separate  granules  or  pieces  very  much  larger 
than  the  granules  of  the  cell-protoplasm.  They  may  be  called 
the  chromomeres.  In  addition  to  these,  there  is  present  in 
the  nucleus  of  many  cells  a large  spot,  that  in  the  case  of 
egg  cells  has  been  called  the  germinal  spot.  In  the  somatic 
or  body  cells,  it  is  called  the  nucleolus.  It  is  composed 
of  clearer  material,  and  though  its  function  has  not  been 
made  out  with  certainty,  it  has  been  seen  to  contract  and 
expand  slowly,  each  set  of  movements  occupying  several 
hours.  It  is  therefore  supposed  by  some  to  be  a special 
pulsating  vacuole  for  the  nucleus,  an  excretory  organ  usually 
inactive,  but  coming  into  use  when  the  cell  is  going  through 
active  changes  like  the  changes  of  division.  It  may,  however, 
be  a store  of  reserve  food  material,  to  supply  energy  to  the 
nucleus  during  cell-division. 
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Lastly,  there  has  been  shown  to  be  present  in  some  cells 
during  their  inactive  condition,  and  in  very  many  cells  while 
they  are  undergoing  a complicated  process  of  division,  a very 
small  body  composed  of  a material  that  stains  only  when 
special  methods  are  applied  to  it.  This  is  termed  the  centro- 
some  (Fig.  32,  d 2)  because  in  the  process  of  division  it  is 
the  central  body  of  a small  circular  area  named  the  directive 
sphere,  formed  by  the  protoplasmic  granules  arranging  them- 
selves like  radiating  beams  round  the  centrosome.  It  has 
been  suggested  that  this  is  present  in  every  cell,  but  that, 
owing  to  its  minute  size  and  the  difficulty  of  staining,  it  can 
seldom  be  seen  until,  in  the  process  of  division,  the  rays  of 
granules  arrange  themselves  round  it. 


CHAPTER  XX 


THE  MULTICELLULAR  ANIMALS  OR  METAZOA 

THE  DIPLOBLASTIC  ACCELOMATA 

Hydra,  the  Freshwater  Polype 

THE  whole  animal  kingdom  is  divided  into  two  great 
groups.  The  first  of  these  is  called  the  Protozoa. 
To  it  belong  Amceba,  Vorticella,  Paramascium , and  Monocystis , 
and  all  animals  the  bodies  of  which  consist  of  a single  cell. 
Occasionally  among  Protozoa,  when  reproduction  takes  place 
the  new  individuals  do  not  separate  from  each  other,  but 
build  up  a colonial  form.  Such  colonies  of  Protozoa  may 
consist  of  a definite  number  of  individuals  : the  whole  colony 
may  have  a definite  shape  and  in  some  few  cases  even  all 
the  individuals  may  not  be  exactly  alike.  But  it  never 
happens  that  the  individual  cells  of  a colony  are  arranged 
and  specialized  so  as  to  form  tissues  and  organs.  All  animals 
with  bodies  composed  of  cells  arranged  in  definite  layers 
and  tissues  which  serve  a special  purpose  in  the  economy 
of  the  whole  animal,  belong  to  the  second  and  higher 
division  of  the  animal  kingdom  and  are  called  Metazoa. 
After  the  examination  of  one  metazoon  we  shall  extend 
and  make  more  definite  our  idea  of  the  nature  of  this  group 
and  of  its  points  of  contrast  with  the  Protozoa. 

The  first  metazoon  that  we  shall  examine  is  a small  fresh- 
water animal  called  Hydra.  Three  species  of  it  are  not 
uncommon  in  the  ponds  and  ditches  of  this  country.  The 
largest  specimens  are,  when  fully  extended,  about  three- 
quarters  of  an  inch  long  ; the  smallest  are  easily  visible  to 
the  naked  eye.  Hydra  viridis , the  green  hydra,  owes  its 
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colour  to  the  presence  of  a large  number  of  unicellular  algae, 
in  the  inner  layer  of  its  body- wall.  Hydra  fusca  is  brown  or 
yellow  and  Hydra  vulgaris  is  nearly  colourless.  Apart  from 
these  colour  differences  the  species  are  very  similar,  and 
any  one  will  serve  equally  for  examination.  The  specimens 
should  be  examined  in  the  living  condition,  in  a watch-glass 
containing  water  placed  under  the  low  power  of  the  micro- 
scope. They  consist  of  a cylindrical  body  attached  to  a 
piece  of  weed  or  to  the  side  of  the  glass  at  one  end.  At 
the  other  end  there  is  a circle  of  from  six  to  ten  long  slender 
thread-like  processes  (Fig. 

33).  These  are  the  tentacles, 
and  they  surround  a small 
rounded  elevation  called  the 
hypostome,  at  the  free  end 
of  the  cylindrical  body,  with  a 
circular  opening,  the  mouth, 
at  its  summit.  The  whole 
body  is  exceedingly  contrac- 
tile. A slight  touch  with  a 
needle  will  make  a fully  ex- 
tended specimen  contract 
almost  at  once  to  a little 
lump  with  the  tentacles  as 
thick  knobs.  By  careful 
manipulation  with  needles  or 
with  a camel’s  hair  brush,  a 

specimen  may  be  detached  from  its  support.  When  it  has 
recovered  from  the  shock,  it  may  be  seen  creeping  along 
the  bottom  of  the  glass  supported  by  its  tentacles  and 
carrying  uppermost  the  pedal  disc  by  which  it  was  attached. 

r ^ may  creeP  by  a series  of  looping  movements,  fixing 
itself  by  the  pedal  disc  and  stretching  out  the  body  so  that 
e tentacles  may  attach  themselves  to  a point  some  distance 
oft,  when  the  pedal  disc  loosens  its  hold  and  by  contraction 
o ie  body  is  pulled  to  a fresh  place  for  attachment,  nearer 
the  tentacles.  Such  movements  are,  however,  of  infrequent 
occuuence  if  the  Hydra  be  undisturbed. 


Fig.  33. — Hydra  vulgaris  in  ex- 
panded condition ; to  the  left  is  a 
young  Hydra  which  has  budded  out 
from  the  larger  specimen ; to  the 
right  is  a young  bud. 
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The  water  in  which  Hydra  is  found  contains  a number  of 
small  water  fleas,  and  if  some  of  these  be  placed  in  the 
watch-glass  with  it,  before  long  one  of  them  is  certain  to 
swim  up  against  a tentacle.  When  this  happens  the  motions 
of  the  flea  are  suddenly  arrested : it  has  been  not  only  caught 
but  paralysed  by  some  poison,  and  the  Hydra , by  bending 
the  tentacle,  draws  it  in  towards  the  mouth  and,  sometimes 
with  the  aid  of  other  tentacles,  pushes  it  through  the  mouth 
into  a central  cavity.  If  Hydra  be  watched  for  some  time, 
it  may  be  seen  to  discharge  from  the  mouth  parts  of  the 
shell  and  other  debris , the  indigestible  remains  of  similar 
fleas  it  has  captured  before.  Thus  the  mouth  serves  also 
as  an  anus. 

To  study  Hydra  more  fully,  a single  specimen  should  be 
removed  to  a slide  in  a small  drop  of  water  and  covered 
with  a glass-slip.  Care  should  be  taken  not  to  let  the  slip 
drop  too  suddenly  upon  the  animal,  as  its  delicate  structure 
is  easily  broken  up  and  destroyed.  If  the  Hydra  is  not 
sufficiently  compressed,  some  of  the  water  may  be  removed 
by  a piece  of  blotting  paper  applied  between  the  edge  of 
the  cover-slip  and  the  glass.  When  this  has  been  done, 
observation  with  a higher  power  is  possible.  If  the  specimen 
be  a green  or  a brown  Hydra , it  will  be  at  once  apparent 
that  the  body  and  the  tentacles  are  composed  of  two  layers. 
The  outer  layer  is  thinner  and  is  quite  colourless  and 
transparent  : the  inner  layer  is  deeply  coloured  by  small 
granules,  which  in  the  case  of  the  green  Hydra  are  chloro- 
phyll-containing bodies  believed  to  be  unicellular  algae,  and 
in  the  brown  Hydra  are  granules  coloured  by  a substance 
closely  allied  to  chlorophyll.  The  central  region  of  the 
body  is  a cylindrical  cavity,  and  into  this  cavity,  which  is 
called  the  enteron,  the  mouth  opens.  In  a living  specimen 
the  enteron  appears  as  a darker  region  in  which  occasionally 
the  bodies  of  captured  water  fleas  may  be  seen.  Each 
tentacle  is  hollow,  but,  in  the  living  condition,  it  is  almost 
impossible  to  see  either  the  hollow  or  its  opening  to  the 
enteron.  In  this  condition  it  is  easy  to  see  that  the  outer 
surface  of  the  tentacles  is  studded  with  little  knobs.  Here 
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and  there  upon  the  knobs  delicate  projecting  bristles  may 
be  seen,  and  if  the  Hydra  has  been  irritated,  exceedingly 
long  pointed  threads  may  be  seen  protruding.  These 
threads  are  the  poisoned  lassoes  by  which  Hydra  catches 
and  paralyses  its  prey.  They  are  too  delicate  to  pierce 
the  human  skin  : but  in  some  tropical  sea-anemones  and  in 
jelly-fish  of  our  own  coasts  such  nettle  cells  or  nematocysts 
are  present,  and  are  strong  enough  to  cause  considerable 
pain,  and  sometimes  poisonous 
enough  to  produce  disagreeable 
effects  if  the  naked  skin  of  man 
come  in  contact  with  them.  In 
Hydra  the  nettle  cells  are  most 
numerous  on  the  tentacles,  but  they 
occur  also  on  the  whole  outer  sur- 
face of  the  body.  By  focusing 
carefully  they  may  be  seen  as  small 
oval  bodies,  rather  more  pointed  at 
the  outer  end  and  of  a greenish 
yellow  colour.  Some  of  them  lie 
close  to  the  surface,  and  in  these 
a small  bristle,  the  trigger-hair,  or 
cnidocil,  protrudes  beyond  the  sur- 
face of  the  animal.  When  this  is 
touched  by  an  external  object,  the 
lasso  is  shot  out  with  great  force. 

Before  it  has  been  discharged  it  lies 
coiled  up  within  the  nematocyst, 
and  with  an  ordinary  student’s 


Fig.  34. — To  the  left  is  an 
enlarged  diagrammatic  view  of 
an  undischarged  Nematocyst 
embedded  in  a nucleated  cell. 
The  granular  body  with  the 
nucleus  is  the  nettling  cell  or 
cnidoblast.  The  white  space 
represents  the  wall  of  the  nett- 
ling organ  or  nematocyst. 
Within  it  can  be  seen  its  neck 
and  coiled  stinging-thread. 
The  bristle-like  process  on  the 
left-top  of  the  cell  is  the  trigger 
hair  or  cnidocil.  To  the  right 
is  a discharged  nematocyst. 


micioscope  at  least  the  beginning  of  the  coil  may  be  seen. 

34  lepresents  very  greatly  magnified  views  of  nemato- 
cysts isolated  by  pressure  upon  the  cover-slip  from  the 
general  surface  of  the  body.  An  undischarged  cell  consists 
0 a ^arSe  rounded  parent  cell  called  the  cnidoblast,  with 
protoplasm,  a nucleus,  and  the  protruding  trigger-hair  or 
cmcocil.  Embedded  in  the  protoplasm  is  the  mechanism 
0 e lasso.  It  consists  of  an  elongated  tough  sac,  the 
nematocyst,  one  end  of  which  is  tucked  into  the  larger  end, 
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like  the  finger  of  a glove  turned  outside  in.  The  point  of 
this  infolded  part  is  continued  into  a long,  very  delicate 
thread,  which  also  is  hollow.  The  whole  space  between  the 
wall  of  the  sac  and  the  inturned  part  and  the  thread  is 
occupied  by  a fluid  under  considerable  pressure.  When 
any  additional  pressure  from  the  outside  is  brought  to  bear 
on  the  sac  the  apparatus  suddenly  goes  off  : the  inturned 
part  of  the  sac  is  first  turned,  or  forced  out,  and  then  the 
long  thread  follows  it,  both  being  turned  inside  out  in  the 
process.  The  second  drawing  shows  a nematocyst  shot  out 
in  this  way.  It  has  barbs  at  the  root  of  the  thread,  an 
addition  that  is  not  present  in  all  the  nematocysts  of  Hydra. 
A thread  cell  once  discharged  cannot  be  used  again.  There 
are,  therefore,  a considerable  crop  of  them  always  growing, 
and  smaller  partly  formed  thread  cells  may  be  seen  in  the 
inner  part  of  the  outer  layer  of  the  body.  Processes  from 
the  nerve  cells  have  been  traced  into  the  protoplasm  of  the 
cnidoblast.  The  discharge  of  the  lasso  is  caused  by  con- 
traction of  this  protoplasm  under  the  influence  of  a nervous 
excitation. 

Among  the  specimens  of  Hydra  collected  at  any  time, 
some  are  likely  to  exhibit  the  results  of  multiplication  by 
budding.  In  Summer,  while  food  is  abundant  and  the 
weather  warm,  tiny  hollow  buds  grow  out  from  any  region 
of  the  wall.  The  hollow  of  the  buds  is  continuous  with  the 
enteron  at  first,  although  when  the  bud  has  grown  longer 
this  connexion  ceases.  At  the  other  end  of  the  bud  a 
mouth-opening  appears  and  the  circle  of  tentacles  grows  out 
(Fig.  33).  Sometimes  on  the  same  Hydra  several  buds  may 
be  seen,  and  even  on  these  buds  other  buds  may  grow  out, 
so  that  the  whole  forms  a temporary  branching,  compound 
animal  made  up  of  many  individuals.  Each  of  these,  how- 
ever, is  practically  a separate  animal,  and  may  break  off  or 
be  removed  artificially  and  live  an  independent  life. 

If  the  specimens  be  collected  from  ponds  towards  the  end 
of  summer,  or  if  they  be  kept  in  captivity  and  starved  for  a 
few  days,  sexual  reproduction  occurs.  In  some  individuals, 
on  the  body-wall  near  the  base  of  the  tentacles  one  or  two 
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small  lumps  appear.  These  are  the  testes,  or  male  repro- 
ductive organs,  and  from  them  the  spermatozoa,  or  male 
sexual  cells,  are  shed  into  the  water.  The  same  specimen  of 
Hydra  may  produce  the  female  sexual  organ,  but  this  hardly 
ever  is  to  be  seen  on  a Hydra  at  the  same  time  as  it  produces 
the  testes.  As  we  know  from  observation  of  higher  animals, 
one  of  the  advantages  of  sexual  reproduction  is  that  the 
progeny  may  be,  under  certain  circumstances,  probably  more 
hardy  when  the  parents  are  not  closely  related.  In  Hydra 
and  in  other  animals  in  which  the  same 
individual  produces  both  male  and  female 
organs,  the  benefits  of  crossing  would 
probably  be  missed  if  the  female  cell 
was  ripe  at  the  same  time  as  male  cells 
were  being  discharged  near  it  from  the 
same  animal,  and  in  correlation  with 
this  it  is  seldom  the  case  that  one  indivi- 
dual has  the  organs  of  both  sexes  at  the 
same  time. 

The  female  organ  or  ovary  of  Hydra 
is  always  single,  and  is  produced  from 
the  body-wall  much  lower  down  than 
the  testes  (Fig.  36).  As  a rule  it  con-  od-  — wum  ui 

tains  only  one  egg,  and  is  a large  and  ?ydra  7th  Pse>ldoP0- 
conspicuous  organ.  The  ovary  ft  first  spheres-  £ 
consists  of  a mass  of  tiny  cells.  But  one  PeannS  as  white  spots, 
of  these  sends  out  pseudopodia  amom 


Fig.  35.  — Ovum  of 


Below  is  a group  of  sper- 

ne  rest,  and  gradually  eats  them  up  until  enlarged  head  contain- 
h becomes  very  large.  In  this  condition  mg  the  nucleus‘ 

Ldd«T£  ihf a fugf amceba  (Fig- 35)’ and  COntains  «">. 

which  are  refe™  ffores”  °f  Sma"  y°‘k  gl'anuleS- 

protoplasm  m f pr°tem  matter  formed  by  its 

drawn,  and  the  egg-cel/'  gr°^n  the  Pseudopodia  are  with- 
up  the  small  celk^  v 1S  sPhencal.  As  it  has  been  eating 

is  bare  anTprotmLIhe  l r“nd  a Part  of  its 

male  cells  or  snp  des  bey°nd  the  surface  of  the  Hydra.  The 

water,  each  coLsTsat0fZOa’  W6re  discharSed  into  the 

0 a nucleus,  which  forms  the  hoad  of 
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the  spermatozoan,  and  of  a small  body  of  protoplasm,  the 
most  of  which  projects  behind  the  nucleus  as  a long  tail. 

By  the  vibrations  of  these  tails  the  spermatozoa  are  driven 
through  the  water.  If  one  of  them  reaches  the  exposed 

surface  of  the  egg  on  a Hydra  it 
conjugates  with  that.  The  tail  is 
retracted,  while  the  head,  or 
nucleus,  and  a small  fragment  of 
protoplasm  enter  the  egg-cell. 
The  incoming  spermatozoon- 
nucleus  then  fuses  with  the 
nucleus  of  the  egg-cell  and  fer- 
tilization is  complete.  Soon 
afterwards  the  fertilized  egg-cell 
begins  to  divide.  From  the  re- 
sulting cells  a cap  or  wall  of  cells, 
each  with  thick  cell-walls,  is 
formed.  The  egg  so  protected 
falls  out  of  the  Hydra  and  sinks 
to  the  mud  at  the  bottom  of  the 
pool.  In  this  condition  it  remains 
throughout  winter.  In  spring, 
when  the  water  is  warmer,  it 
develops  into  a new  Hydra  in  a 
way  that  will  occupy  our  attention 
later  on. 

Further  study  of  Hydra  is  best 
made  by  the  examination  of  ex- 
cessively thin  slices.  As  the  pre- 
paration of  these  is  a matter 
requiring  great  practice,  the 
elementary  student  should  con- 
tent himself  with  the  study  of 


Fig.  36. — Hydra  : diagram- 

matic longitudinal  section  passing 
through  two  tentacles,  the  mouth 
and  an  ovary,  0.  E.  The  enteron 
or  primitive  digestive  cavity  con- 
tinuous with  the  tentacle  cavities 
and  opening  to  the  exterior  by 
the  mouth.  The  body-wall  con- 
sists of  two  layers  separated  by 
the  mesoglcea,  here  shown  as  a 
white  line. 


sections  already  prepared.  Of  these  there  should  be  ex- 
amined a longitudinal  section  (Fig.  36)  and  a transverse  section 
more  highly  magnified  and  taken  through  the  cylindrical  body 
(Fig.  37).  The  longitudinal  section  is  a thin  slice  cut  lengt 
wise  out  of  the  middle  of  the  whole  animal.  It  passes  throug 


HYDRA 


145 


two  tentacles,  through  the  hypostome  and  mouth,  and  through 
the  enteron  and  the  body-wall.  It  may  be  seen  at  once  that 
the  whole  animal  consists  of  a hollow  sac  surrounded  by 
two  layers  of  cells.  Of  these  the  outer  layer,  or  ectoderm, 
is  thinner,  and  among  its  cells  are  contained  numerous  thread 
cells.  The  inner  layer,  or  endoderm,  is  thicker,  and  its  cells 
w ere  they  line  the  enteron,  have  irregular  surfaces,  from 
which  cilia  and  pseudopodia  project  into  the  enteric  cavity, 
n these,  m Hydra  viridis,  are  seen  embedded  numerous 
c lorophyll  corpuscles,  or  unicellular  algae,  and  thus  the 


derm  with  protective  cell^^usd^celk  SeCt'°n.  much  magnified.  EC.  Ecto- 

! But^n^lT  Hydra/it  may^be  seTif  that"  b ^ ectoder“- 
is  a narrow  band  of  a fibrous  nature  Tr"”  U’e  tW°  layers 
1 of  cells,  but  of  a gelatinous  qp  • r .fhlS  1S  composed,  not 

the  cells  of  both  the  ectode^  ^ Which  fibres  from 
It  is  termed  the  mesntl™  t°deim1and  the  endoderm  run 
:structrne  of  little  imp^\"^eUJr-  “d  ‘S  * S,ieletal 

present  arrmorrp!ikdrerSVerH  T*0"  the  stru<=“'res 

derm  consists  of  Several  w ^?entfed  (Fl§-  37).  The  ecto- 

bottom  or  coverins  oeL  ,1*  r ““r'  There  a'e  the 
L °rmg  ceils,  the  surface  of  which  ig  d 
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and  the  more  contracted  bases  of  which  reach  the  supporting 
mesoglcea.  The  narrowed  bases  are  continued  into  pointed 
neuro-muscular  processes,  lying  at  right  angles  to  the  cells 
themselves,  and  parallel  to  the  long  axis  of  the  body.  These 
processes  are  almost  certainly  muscular  in  nature,  and  very 
probably  they  are  connected  with  fine  filaments  which  come 
off  from  underlying  nerve  cells.  Lying  between  the  cover- 
ing cells  are  the  fully  formed  thread  cells.  In  the  angular 
spaces  between  the  contracted  bases  of  the  covering  cells  are 
placed  the  interstitial  cells,  which  are  small  and  irregular  ; 
they  give  rise  to  the  cell  masses  which  form  the  testes  and 
the  ovary,  and  among  them  are  numerous  young  thread 
cells  ; the  protoplasm  of  these  cells  is  fused  with  that  of 
similar  adjacent  cells,  and  there  is  thus  formed  a particular 
kind  of  tissue  called  a syncytium.  Beneath  the  ectoderm 
cells  and  lying  upon  the  mesoglcea,  we  find  large  ganglion 
or  nerve  cells,  which  do  not  reach  the  outer  surface  ; each 
possesses  a large  nucleus  and  numerous  branching  proto- 
plasmic processes,  but  these  cannot  be  seen  except  in 
macerated  preparations  ; they  are  in  connection  with  the 
thread  cells,  and  in  some  cases  with  the  muscle  processes 
of  the  ectoderm  cells.  At  the  pedal  disc  there  are  some 
large  cells  with  clear  contents  which  form  a sticky  secretion 
by  which  the  animal  clings  to  the  surface  to  which  it  is 


applied. 


ti,0  on rl  nr!  Arm  nails  are  ver 


V large,  except  in  the  region  of 
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containing  a drop  of  acetic  acid  and  a drop  of  osmic  acid, 
and  after  a few  minutes  removed  for  several  hours  to  a o'2 
per  cent,  solution  of  acetic  acid  in  water.  After  this  the 
specimen  should  be  stained  with  picrocarmine  solution.  This 
course  has  the  effect  of  hardening  the  cells  and  of  rendering 
them  easy  to  separate  from  each  other.  Small  pieces  of  the 
Hydra  should  be  placed  on  a slide  in  a drop  of  50  per  cent, 
glycerine  and  teased  with  needles.  A few  sharp  taps  with 
the  point  of  a needle  on  the  top  of  the  cover-slip  will  assist 
the  process  of  separation,  and  it  will  be  found  that  many 
of  the  cells  are  completely  isolated  or  adhere  in  little  groups, 
so  that  with  trouble  the  different  kinds  of  cells  may  be 
picked  out.  J 

Let  us  now  consider  Hydra  as  a living  organism.  In  the 
first  place,  it  is  composed  of  many  cells  of  different  kinds 
and  these  are  arranged  in  a definite  way,  so  that  the  body 
consists  of  a hollow  sac,  the  walls  of  which  are  composed  of 
two  distinct  layers.  The  cells,  however,  are  not,  as  in  plants 
surrounded  and  separated  from  each  other  by  cell-walls.  In 
the  living  condition  it  is  only  in  a few  cases  that  the  cell 
OTthnes  are  visible:  but  when  the  protoplasm  has  been  set 
and  slightly  shrunk  by  the  action  of  reagents,  the  limits  of 
tie  individual  cells  become  apparent.  The  whole  animal 
forms  a mass  of  protoplasm  so  continuous  that,  without  the 
aid  of  the  blood-vessels  and  nerves  of  higher  animals,  every 
part  is  in  organic  connexion  with  every  other  part,  and  the 

of  The  cells  In  Th  * reSult  °f  the  “““nation 

me  cells.  In  the  case  of  a colony  of  Protozoa,  some  of 

the  cells  may  be  injured  or  influenced  without  the  influence 
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and  this  is  the  result  of  the  contractions  of  the  muscle  cells 
all  down  the  tentacles  and  body.  When  the  animal  creeps 
about,  the  motion  is  due  to  the  concerted  action  of  many 
separate  muscle  cells  contracting  at  the  same  time  in  different 
ways.  In  higher  animals  such  co-ordination  is  effected,  or  at 
least  assisted,  by  definite  chains  of  nerve  cells  and  nerve 
fibres  connected  with  each  other  and  with  muscles  and 
sense-organs.  It  is  almost  certain  that  in  Hydra  the  nervous 
cells  are  not  arranged  with  sufficient  definiteness  and  regu- 
larity to  be  the  chief  agent.  Most  probably  they  are  chiefly 
of  local  use  and  act  in  concert  with  the  thread  cells  and 
neuro-muscular  fibres.  But  the  combination  of  all  the  cells 
to  form  an  individual  is  seen  clearly  in  other  functions, 
where  the  nerve  cells  certainly  do  not  come  into  special 
operation. 

All  the  cells  of  the  body  require  nutritive  material.  But 
the  functions  of  digestion  are  performed  only  by  the 
endoderm  cells  for  the  whole  organism.  When  food  is 
taken  into  the  enteron,  digestive  juices  are  poured  on  it 
from  some  of  the  endoderm  cells,  chiefly  perhaps  from  the 
granular  cells  lining  the  hypostome.  The  other  endoderm 
cells  ingest  the  food  particles  in  the  enteron,  and  hand  on 
nutritive  materials  to  the  ectoderm  cells.  Again,  the  function 
of  sexual  reproduction  is  undertaken  for  the  whole  Hydra  by 
the  few  cells  that  form  the  ovary  and  the  testis  ; but,  however 
independent  these  may  appear,  their  formation  appears  to  be 
stimulated  by  starvation  of  the  whole  organism.  The  extent 
to  which  the  individuality  of  the  whole  organism  is  stamped 
upon  the  separate  cells  is  seen  in  budding.  The  bud  is 
formed  by  a projection  containing  endoderm,  mesogloea,  and 
ectoderm  ; but  it  may  grow  out  from  any  part  of  the  body, 
and  yet  ultimately  will  reproduce  the  tentacles,  the  pedal 
disc,  and  the  whole  organism.  Similarly,  when  a Hydra  is 
cut  across,  from  the  cut  end  of  the  upper  half,  the  lower  part 
of  a new  Hydra  grows  out,  while  from  the  cut  end  of  the 
lower  half  the  cells  required  to  complete  the  upper  half  grow 
out. 

It  is  this  co-operation  of  all  the  cells,  this  co-ordination  b) 
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which  the  cells  lose  part  of  their  own  individuality  in  the 
new  individuality  of  the  whole  animal,  that  is  the  great  dis- 
tinction between  the  Protozoa  and  the  Metazoa.  In  higher 
forms  of  Metazoa,  much  of  the  interaction  of  the  parts  of  the 
whole  organism  depends  upon  the  existence  of  organs  and 
systems  common  to  the  different  parts — as,  for  instance,  the 
nerves  and  the  blood-vessels.  But  even  in  such  higher 
animals  there  are  many  relations  between  the  cells  and 
organs  which  cannot  be  explained  by  the  existence  of  sets 
of  connecting  organs  ; and  it  is  of  importance  to  remember 
that,  beginning  with  the  simplest  Metazoa,  the  cells  and 
organs  are  living,  co-operating  parts  of  a living  whole. 

As  we  have  seen,  the  food  is  of  the  kind  that,  in  a previous 
chapter,  we  found  to  be  characteristic  of  animals.  When 
green  algm  or  chlorophyll  bodies  are  present  in  the  endoderm 
cells,  these  no  doubt  contribute  to  the  food  supply  of  their 
host,  as  they,  like  all  chlorophyll  bodies,  cause  the  elabora- 
tion of  starch  from  carbon  dioxide  and  water,  and  the  oxygen 
liberated  in  the  process  may  serve  the  respiratory  purposes 
of  the  Hydra  cells.  If  these  green  bodies  are  separate  plants 
living  in  Hydra,  they  are  to  be  regarded,  not  as  parasites,  but 
as  instances  of  the  association  of  different  organisms  for  the 
advantage  of  each.  This  kind  of  association  is  named  sym- 
biosis. In  parasitism  the  parasites  live  at  the  expense  of 
their  hosts  ; in  symbiosis  both  the  host  and  the  guest  derive 
advantage  from  the  association.  . In  this  case  the  plant  cells 
are  protected  by  their  position  within  the  Hydra,  and  they 
ootain  the  carbon  dioxide  which  is  one  of  their  food  con- 
stituents, and  which  the  animal  gives  off  as  waste,  while  the 

JJT?  C<;  s get  both  oxygen  and  perhaps  sugar  derived  from 
the  starch  manufactured  by  the  plants. 

Apart  from  such  a special  source  of  oxygen,  the  cells  of 

wlteT  MoTt  tht  nPPly  °f  fl'°m  dissolved  in  the 

in  turn  r ! probably  each  cel1  takes  in  its  own  supply  and 
Carb°n  di0xide-  In  the  same  way^t  is 
products  into  tiT*  d.irectly  dlscharges  its  own  waste 
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We  have  yet  to  consider  the  development  of  a new  Hydra 
from  the  fertilized  egg-cell  (Fig.  38).  While  it  still  remains 
in  the  tissues  of  the  mother,  the  egg-cell  divides  in  two  ; then 
each  of  these  again  divides,  and  after  a number  of  divisions  a 
little  hollow  sphere  of  cells  termed  the  blastula  is  formed. 
The  wall  of  the  blastula  at  first  consists  of  one  layer  of  cells, 
but  by  the  division  of  these  cells  an  outer  layer  is  produced. 
These  have  thick  walls,  and  form  a protective  coat  surround- 
ing the  egg  when  it  drops  from  the  ectoderm  of  the  parent 
into  the  mud.  The  inner  layer,  which  is  the  real  embryo,  is 
not  perfectly  regular.  The  cells  at  one  end  are  larger  and 


Fig.  38. — Diagram  of  development  of  Hydra.  1.  Egg-cell  fertilized  and 
ready  to  divide.  2.  Division  into  two.  3.  Division  into  four.  4.  Division 
into  mulberry  mass  of  which  the  lower  cells  are  larger.  5.  Section  through 
blastosphere  or  blastula.  6.  Formation  of  protective  case.  7.  Section  through 
later  stage ; the  embryo  lies  within  the  case,  which  no  longer  shows  its  cellular 
structure  ; the  larger  cells  at  the  lower  end  have  multiplied  rapidly  and  fill  the 
interior.  8.  The  inner  cells  are  arranged  in  a single  layer  so  that  the  embryo 
is  a two-walled  hollow  mass.  In  this  condition  it  corresponds  to  a gastrula. 

contain  more  yolk  particles.  When  the  further  development 
takes  place,  the  cells  with  the  larger  supply  of  food-yolk 
multiply  rapidly,  and  the  cells  so  formed  from  them  get 
pushed  into  the  hollow  of  the  blastula.  When  this  has  taken 
place  the  outer  protective  coat  ruptures,  and  the  young  larva 
is  liberated.  By  rapid  division  of  all  the  cells  it  grows  larger, 
and  the  cells  in  the  middle,  instead  of  occupying  all  the 
space,  become  arranged  round  a central  cavity — the  enteron  : 
the  cells  which  migrated  inwards  from  one  pole  form  the 
endoderin,  and  the  outer  layer  is  the  beginning  of  the 
ectoderm.  The  embryo  grows  longer.  A gelatinous  layer, 
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the  mesogloea,  is  deposited  between  ectoderm  and  endoderm. 
A mouth  aperture  breaks  through  at  one  end,  and  round  this 
the  tentacles  grow  out  as  little  buds.  While  these  changes 
in  shape  take  place,  the  cells,  at  first  all  much  alike,  become 
specialized  into  the  adult  condition. 

Let  us  now  sum  up  what  we  have  learned  with  regard 
to  the  classification  of  the  animal  kingdom. 

It  is  divided  into  two  great  groups,  the  Protozoa  and  the 
Metazoa. 

The  group  Protozoa  consists  of  all  animals  which  through- 
out their  lives  are  single  cells,  or  which,  if  by  cell  division 
they  form  colonies,  do  not  have  the  cells  of  the  colony 
arranged  and  specialized  to  form  definite  tissues. 

The  group  Metazoa  consists  of  all  multicellular  animals 
which  have  the  following  characters  : — 

1.  The  cells  are  specialized  and  arranged  to  form  definite 
tissues.  Among  these,  except  in  the  case  of  a few  degenerate 
animals,  there  always  are  : — 

(A)  An  outer  layer  or  ectoderm. 

(B)  An  inner  layer  or  endoderm  which  surrounds  an 
enteron  or  central  digestive  cavity. 

2.  The  individuality  of  the  separate  cells  is  subordinated 
to,  and  influenced  by,  the  individuality  of  the  whole  animal. 

3.  Sexual  repioduction  always  occurs.  There  may  be  a 
series  of  generations  produced  asexually,  as,  for  instance,  by 
budding,  but  eventually  sexual  reproduction  sets  in.  This 
takes  place  by  fusion  of  a male  cell,  or  spermatozoon,  with  a 
female  cell,  or  ovum,  formed  respectively  in  male  organs  or 
testes  and  female  organs  or  ovaries. 
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THE  GASTRULA,  CCELENTERATA,  AND  COELOMATA 

AS  the  Protozoa  are  all  small  animals,  and  most  of  them 
invisible  to  the  naked  eye,  it  is  plain  that  by  far  the 
majority  of  animals,  the  appearance  of  which  is  familiar  to 
us,  belong  to  the  Metazoa.  Among  the  Metazoa,  for  instance, 
are  man  himself  and  the  quadrupeds,  birds  and  reptiles,  frogs 
and  fishes,  snails  and  cuttle-fish,  insects  and  creatures  like 
water-fleas  and  crabs  and  lobsters,  worms  and  star-fish,  and 
the  host  of  soft,  gelatinous  animals  like  jelly-fish  and  sea- 
anemones,  as  well  as  their  allies  with  hard  skeletons  such  as 
corals.  In  all  this  variety  of  animal  life  there  are  many  sets 
of  animals  which  naturally  fall  into  groups,  and  the  science  of 
Zoology  occupies  itself  largely  with  the  investigation  of  the 
characters  of  these  groups,  and  with  the  relations  between 
them.  Just  as  the  whole  Animal  Kingdom  falls  naturally 
into  two  great  groups,  so  also  the  Metazoa  themselves  belong 
to  two  distinct  types,  Coelenterata  and  Coelomata.  To  the 
former  or  lower  of  these  Hydra,  and  a number  of  branched 
forms  very  similar  to  it,  the  medusae  or  jelly-fish,  and  the 
sea-anemones  and  corals,  belong.  These  differ  in  the  shape 
and  size  of  the  body,  and  especially  in  the  shape  and  arrange- 
ment of  the  enteron,  in  the  number  and  arrangement  of  the 
tentacles,  in  the  nature  of  the  cells  and  the  tissues,  and  in 
many  other  respects.  But  all  of  them  are  united  by  one 
great  character  ; their  bodies  consist  of  a wall  made  up  of 
ectoderm,  mesogloea,  and  endoderm,  and  this  surrounds  a 
single  central  cavity — the  enteron.  As  the  mesogloea  or 
middle  lamella  is  not  composed  of  cells,  but  of  a structureless 
jelly,  and  so  does  not  rank  as  a special  layer,  the  coelenterata 
are  frequently  termed  Diploblastica,  or  the  two-layeied 
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animals.  The  typical  coelenterate  structure  is  in  fact  a little 
hollow  sac  or  stomach  with  a mouth  at  one  end,  and  with  a 
wall  composed  of  ectoderm  and  endoderm.  No  animal 
actually  so  simple  as  this  is  known,  but  a stage  like  this 
occurs  in  the  development  of  many  Coelenterata  as  well  as 
; of  many  of  the  higher  group,  the  Coelomata,  and  it  is  probable 


that  all  the  Coelomata  sprang 
as  this.  Let  us  try  to  form 
stomach  or  gastrula,  as  it  is 
called,  and  of  the  changes  in 
it  which  would  lead  up  to  the 
structure  of  higher  animals. 
In  Fig.  39,  I,  is  represented 
a gastrula  cut  through  the 
middle  of  the  mouth,  or  as  it 
is  technically  called,  the  blas- 
topore, and  down  through 
the  middle  of  the  body,  so 
as  to  show  the  ectoderm  and 
the  endoderm.  We  know 
from  study  of  existing  Coelen- 


rom  a simple  Coelenterate  such 
1 picture  of  such  a free  living 


terates  that . at  least  three  Fig.  39.— i.  Diagram  o.  gastrula.  e. 
Kinds  Or  cells  would  3.ppenr  Enteron.  II.  and  I.  Enlarged  diagram 

in  the  ectoderm,  simple  pro-  01  ectoderm  cells-  a-  Protective;  b. 

« /T\  XF  1 nervous;  c.  muscular;  at  II.  all  three 

tective  ceils  (II  a),  nerve  reach  the  outer  surface ; at  III.  the  nerve 

cells  (II  6),  and  muscle  cells  feds  ^ave  migrated  inwards  to  form  a 

with  loner  mntrapHlo  m i ayer  under  the  protective  cells,  and  the 
...  1 contractile  muscle  muscle  cells  form  a similar  layer  still 

libies  (II  c).  The  protective  more  internal.  IV.  Diagram  of  elongate 

cells  remain  as  an  external  Knus  WIth~M-  mouth  5 E-  enteron  5 
layer.  We  know  that  the 

nerve  cells  move  inwards  and  form  a network  of  ganglion 

■ n^oS  Unu  ex^ernal  layer,  while  the  muscle  cells 

ove  still  further  in,  so  that  they  form  a layer  of  fibres  wrap- 

f l0un  ie  gastrula  under  the  nervous  layer,  with  a 
nucleus  ou  each  fibre  to  represent  the  original  cell  (Fig.  39, 

and  flip  ^ n?rV°us  layer  remains  between  the  outer  cells 

or  stim  p111^  6 w’  aUCl  S°  is  to  register  impressions 
stimuli  received  from  outside  by  the  external  cells,  and 
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to  transmit  the  stimuli  to  the  muscle  fibres  as  messages  to 
contract.  In  some  Coelenterates  a similar  set  of  nerve  cells 
and  muscle  cells  separate  themselves  from  the  endoderm  and 
lie  as  in  the  first  case  with  the  muscle  fibres  nearest  the 
mesogloea.  Between  the  two  layers  of  muscle  fibres  formed 
in  this  way,  there  may  be  a small  or  large  amount  of  mesoglcea 
deposited. 

The  first  change  that  we  may  suppose  to  occur  in  such 
a gastrula  is  a considerable  elongation,  so  that  the  mouth  lies 
at  one  end  of  a long  oval  body.  Then  at  the  opposite  end 
from  the  mouth  another  aperture  into  the  enteron  appears. 
The  animal  is  now  an  elongated  cylinder  with  a mouth  at 
one  end  and  an  anus  at  the  other  (Fig.  39,  IV).  The  food  is 
taken  in  by  the  mouth,  passed  into  the  alimentary  canal,  or 
enteron,  where  it  is  digested  and  absorbed  by  the  endoderm 
cells,  while  the  indigestible  debris  is  extruded  by  the  anus. 
Such  an  animal  has  now  an  anterior  and  a posterior  end, 
and  if  it  moved  through  the  water,  one  would  expect  it  to 
go  with  the  mouth  end  first,  so  that  food  particles  coming  in 
its  way  might  be  swallowed. 

The  next  stage  of  importance  occurs  by  the  enormous 
thickening  of  the  mesoglcea  so  that  the  endoderm  and  ecto- 
derm lie  at  a considerable  distance  from  each  other.  Fig.  40, 
I,  represents  a longitudinal,  and  40,  II,  a transverse  section 
through  such  an  animal.  Both  ectoderm  and  endoderm  are 
broken  up  into  three  layers,  namely,  the  epithelial,  the 
nervous,  and  the  muscular.  The  inner  or  muscular  layer 
lies  next  the  thick  mesoglcea.  In  some  living  Coelenterates 
the  mesoglcea  is  very  thick,  and  into  it  the  muscle  processes 
dip,  and  even  cells  from  the  ectoderm  and  endoderm  migrate. 
Such  a partially  cellular  condition  of  the  mesogloea  gives  the 
starting-point  for  the  Coelomata.  Externally  (Fig.  40,  I and 
II)  is  the  protective  or  epithelial  layer  of  cells,  then  comes  the 
nervous  layer,  then  the  muscular  layer,  then  a wide  space 
filled  with  a gelatinous  excretion  and  containing  cells  which 
have  wandered  in  from  the  ectoderm  and  endoderm,  then 
comes  the  endodermal  muscle  layer,  then  the  nervous  layer, 
and  then  the  epithelial  layer  of  digestive  cells,  and  lastly,  in 
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the  centre  of  the  animal,  the  cavity  of  the  gut  or  enteron.  In 
actually  existing  Coelomata,  however,  there  is  no  mesogloea, 
but  a space  called  the  Coelome  occupying  its  place.  And 


1 


Fig-  4°-  !•  Longitudinal.  II.  Transverse  section  through  an  animal  with 
very  thick  mesogloea,  mouth,  anus,  enteron ; ectoderm  and  endoderm  broken 
up  into  three  layers,  muscular  next  the  mesogloea,  then  nervous,  and  then  pro- 
tective in  the  ectoderm,  digestive  in  endoderm.  In  Coelomates  mesoderm 
M^iwr  £he  coelome  occupy  the  space  here  filled  by  mesogloea. 
uJ7/i0 ' Uth;.  A-  anus;  E>  enteron;  Mes.  mesogloea.  Black  layer  is  muscle, 
lay“  divi<w  int0  cells  is  protective  in 

sv2"0"S  SySt6m  °f.C“lo,"alcs-1-  An  invertebrate  type ; the  nervous 
vSral  & 1 ,rmg-,r0U"d  allmentary  canal  in  front  and  a longitudinal 

bulb  in  front  a^dorViV  t b ; the  nervous  system  forms  a 

rated  from  it’hv  a c™ • be^m^>  bol-h  above  the  alimentary  canal  and  sepa- 

°f  CdlS~!.he  not°chord.  3.  Cross-section  through 
M MnniS  A , .Cross‘sectlon  through  posterior  part  of  2. 

N,  notochord.  °r;  B’  Posterior  P«ts  of  nervous  system;  E,  enteron; 

- during  development,  from  the  gastrula  stage  onwards,  into 
hts  space  wandering  cells  migrate  and  give  rise  to  a 
tad  cellular  layer,  the  mesoderm.  From  this  the  blood- 
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vessels,  blood,  and  the  connective  tissues  and  skeleton  are 
formed.  The  muscular  layers,  instead  of  being  formed  from 
the  ectoderm  and  endoderm  in  definite  layers,  usually  arise 
as  solid  buds  of  mesodermal  cells  coming  chiefly  from  the 
endoderm,  or  else  are  differentiated  from  the  mesoderm 
itself.  The  mesodermal  buds  afterwards  arrange  themselves 
around  the  endoderm  of  the  gut  and  around  the  inner  side 
of  the  ectoderm,  so  that  their  final  position  is  similar  to  that 
in  the  diagrams  of  Fig.  40.  These  mesodermal  tissues  fill  up 
a considerable  part  of  the  space  originally  occupied  by  the 
mesogloea.  But  in  all  Coelomates  there  is  present  a hollow 
space  lying  within  the  two  mesoderm  layers  and  lined  by 
a special  epithelium.  This  space  is  called  the  coelome,  and 
its  epithelium  is  the  coelomic  epithelium.  This  epithelium 
is  a specialized  layer  of  the  mesoderm.  The  existence  of  this 
coelomic  cavity  lying  between  the  alimentary  canal  or  enteron 
and  the  body-wall  is  the  leading  characteristic  of  Coelomates, 
from  which  their  name  is  derived.  The  Coelomates,  on  ac- 
count of  the  third  or  mesodermal  layer  of  cells  lying  between 
the  endoderm  and  the  ectoderm,  are  often  distinguished  as 
the  Triploblastica,  or  the  three-layered  animals,  but  it  is 
necessary  to  remember  that  this  middle  layer  is  not  a simple 
epithelial  layer  like  the  outer  and  inner  layers,  but  is  a com- 
posite structure  composed  of  contributions  from  the  others. 

Finally  we  have  to  consider  a set  of  changes  which  occur 
in  the  nervous  layer.  It  will  be  remembered  that  there  are 
two  layers  of  this.  The  endodermal  nervous  layer  surround- 
ing the  alimentary  canal  either  disappears  or  becomes  the 
special  nervous  apparatus  of  the  wall  of  the  gut.  The  ecto- 
dermal nervous  layer  gives  rise  to  the  chief  nervous  structures 
of  the  adult,  and,  among  Coelenterates  generally,  it  becomes 
specially  thickened  in  certain  regions.  Thus  even  in  Hydra 
the  nerve  cells  are  more  abundant  on  the  tentacles.  In 
many  anemones  this  occurs  very  markedly,  while  in  medusas 
special  thickenings  or  concentrations  occur  around  the 
tentacles,  around  the  margin  of  the  umbrella-like  swimming 
bell,  and  in  other  places.  Instead  of  forming  a scattered 
layer  of  ganglion  cells  these  become  aggregated  and  con- 
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centrated  in  tracts  and  regions  where  the  nervous  cells  are 
specially  useful.  When  in  the  course  of  evolution  the 
gastrula  became  elongated  and  took  to  moving  mouth  first 
through  the  water,  it  is  plain  that  it  was  the  anterior  region 
of  the  body  that  first  received  impressions  in  connexion 
with  the  outer  world.  The  process  of  the  survival  of  the 
fittest,  operating  upon  individuals  of  different  organiza- 
tions, accordingly  resulted  in  the  anterior  region  around 
and  above  and  below  the  mouth  becoming  the  region  of 
special  developments  of  the  nervous  layer.  Most  often  in 
the  region  above  and  in  front  of  the  mouth  a specially  large 
collection  of  nerve  cells  occurs,  and  such  a collection  may 
be  called  a brain,  while  the  part  of  the  body  in  which  it 
lies  may  be  distinguished  as  a head.  In  addition  to  this 
thickening  of  the  ectodermal  nervous  layer  in  the  front 
end  of  the  body,  thickenings  in  other  regions  occur  among 
different  ccelomate  animals.  Of  these,  two  types  require 
attention.  In  many  animals  like  earthworms  and  leeches, 
crayfish  and  lobsters,  and  in  insects,  in  addition  to  the 
nervous  layei  in  the  anterior  region  there  is  a concen- 
tration, or  special  development  of  it,  all  along  the  under 
surface  in  the  middle  line  from  the  mouth  to  the  anus 
(Fig.  40,  III,  1 and  3).  As  this  is  the  arrangement  in  the 
most  commonly  known  animals  that  do  not  possess  a back- 
bone, it  is  often  spoken  of  as  the  invertebrate  type  of 
nervous  system.  On  the  other  hand,  among  those  animals 
that  do  possess  a backbone,  such  as  fishes,  frogs,  reptiles 
birds,  and  mammals,  there  is  a special  concentration  of  the 
nervous  system  along  the  middle  line  of  the  upper  or 
posterior  surface  (Fig.  40,  III,  2 and  4).  This  is  the  spinal 
cord  which  runs  from  the  brain  down  the  middle  line  of 

e back,  protected  by  the  arches  of  the  backbone 

Let  us  now  sum  up  the  characters  of  the  two  groups 

onsisT  (f  Mh,e  MTZ?a  are  d™ded-  The  Ccelenterai 

In  them  ,h  H Up0n  the  of  the  gastrula. 

ectoderm  h HbUdy'Wa,  COnS‘SlS  °f  tW°  CeIk'lar  layerS'  the 
, and  ‘he  endoderm,  separated  by  the  mesogloea, 

jelly-like  supporting  layer  which  is  not  composed  ol  cells 
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The  two-layered  wall  surrounds  a central  digestive  cavity, 
the  enteron,  which  communicates  with  the  exterior  by  an 
aperture  serving  both  as  mouth  and  anus.  The  Coelomata 
contain  those  Metazoa  in  which,  in  addition  to  the  ectoderm 
or  endoderm,  there  is  a third  set  of  cells,  the  mesoderm, 
lying  between  them.  The  cells  of  this  are  derived  from 
the  ectoderm  and  the  endoderm.  Within  the  mesoderm 
there  is  a second  cavity,  surrounding  the  enteron  or  primitive 
digestive  cavity,  and  called  the  coelome.  The  ectodermal 
nervous  layer  becomes  concentrated  in  at  least  two  im- 
portant regions,  an  anterior  region  around  the  mouth,  and 
a longitudinal  tract  along  the  body,  which  is  ventral  in 
position  among  the  invertebrata  and  dorsal  among  the 
vertebrata. 


CHAPTER  XXII 

THE  TRIPLOBLASTIC  CCELOMATA 
THE  EARTHWORM 

THE  earthworm  is  a convenient  type  of  triploblastic 
coelomate  to  examine,  as  it  is  large  enough  to  dissect 
and  soft  enough  to  cut  into  microscopic  sections  without 
t great  difficulty.  Earthworms  belong  to  many  diffeient 
genera,  and  are  found  all  over  the  world,  living  in  the 
earth,  in  mud,  or  some  of  them  in  water.  Most  typical 
! examples  live  in  the  ground.  As  Darwin  showed,  their 
food  consists  of  organic  matter,  chiefly  vegetable,  which 
they  obtain  from  the  soil  by  passing  great  quantities  of 
earth  through  their  alimentary  canals.  In  large  measure 
they  live  upon  decaying  leaves  or  any  decaying  vegetable 
fibre.  In  the  process  of  digestion  the  nutritious  organic 
matter  is  absorbed  by  the  alimentary  canal,  and  the  indi- 
gestible part,  together  with  soil,  is  discharged  by  the  anus 
in  a finely  triturated  condition,  forming  the  worm-castings 
familiar  to  every  one.  In  this  way  worms  pass  a very  large 
: quantity  of  the  soil  through  their  bodies,  and,  as  the  castings 
dare  deposited  on  the  surface  of  the  ground,  stones  and  other 
i objects  on  the  surface  are  gradually  undermined,  and  in  the 
Si  course  of  years  buried  in  the  soil. 

The  different  kinds  of  earthworms  vary  in  size.  The 
H smallest  are  no  thicker  than  a piece  of  packthread,  and 
may  be  less  than  a quarter  of  an  inch  in  length.  Some  of 
I the  largest,  as,  for  instance,  the  giant  earthworm  of  Australia, 
may  be  six  to  eight  feet  long,  and  at  the  thickest  region 
| the  body  have  a girth  the  size  of  a man’s  wrist.  The 
& common  earthworms  of  England  belong  to  more  than  one 
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genera,  and  there  are  several  species.  The  two  genera 
most  common  in  England  are  Lumbricus  and  Allolobophora. 
In  the  English  species  the  genera  may  be  distinguished  by 
the  dorsal  surface  of  the  first  segment.  In  Lumbricus  the 
prostomium  is  prolonged  back  to  the  constriction  between 
the  first  and  second  segments  ; in  Allolobophora  the  pro- 
stomium does  not  reach  so  far  (Fig.  41,  a,  b).  The  common 
large  worm,  about  six  inches  long,  with  flattened  tail  and 
whiter  lower  surface,  is  Allolobophora  terrestris , commonly 
in  error  called  Lumbricus  terrestris.  The  smaller  sized 
common  red  worm  with  white  clitellum  is  a Lumbricus.  Into 
the  separate  characters  of  species  it  is  unnecessary  to  enter, 
as  any  of  them  will  serve  our  present  purpose.  For  the 
most  part  they  live  underground,  and  specimens  found 
crawling  on  the  surface  are  generally  diseased.  But  on  a 
summer  evening,  especially  after  rain,  earthworms  may  be 
seen  in  immense  numbers  on  the  surface  of  any  lawn.  Each 
remains  in  connection  with  its  burrow  by  the  flattened  part 
of  the  tail,  and  the  slightest  touch  or  vibration  on  the  ground 
causes  it  instantly  to  retire  within  the  burrow.  The  mouth 
of  the  burrow  is  guarded,  sometimes  by  a small  stone,  more 
often  by  a leaf  pulled  down  stalk  first.  The  sides  of  the 
burrow  are  always  damp  and  slimy,  the  slime  being  a secre- 
tion from  the  glandular  cells  on  the  outer  surface  of  the 
skin,  and  possibly  also  a fluid  discharged  from  the  coelome 
of  the  animal  through  a series  of  dorsal  pores. 

The  earthworm  is  an  elongated  animal,  pointed  at  both 
ends,  and  flattened  towards  the  posterior  end.  The  colour 
varies  from  a red-brown  to  a pale  yellow-brown,  and  is 
darker  on  the  upper  surface  and  generally  at  the  anterior 
end.  It  is  constricted  externally  into  a number  of  rings  or 
somites,  of  which  there  may  be  different  numbers  in  mature 
specimens  of  the  same  species.  These  may  be  so  few  as 
sixty-eight,  or  may  be  more  than  two  hundred.  This  is  the 
first  instance  we  have  had  of  what  is  known  as  segmen- 
tation, and  the  segmentation  is  called  metameric  when 
the  segments  form  a longitudinal  row. 

It  is  a phenomenon  of  frequent  occurrence  among  Coelo- 
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mates.  Sometimes,  as  in  many  worms,  in  lobsters  and 
crayfish,  and  in  insects,  the  segmentation  is  obvious  on  the 
outer  side  of  the  body.  But,  in  addition,  many  of  the  internal 
organs,  such  as  muscles,  nervous  structures,  genital  organs, 
: and  bony  parts  (as  the  backbone  of  a fish  or  of  a man)  also 
may  be  segmented.  The  segmentation  of  the  internal  organs 
may  correspond  to  that  of  the  external  surface  of  the  animal, 
' ' so  that  the  whole  body  is  broken  up  into  a series  of  rings, 
each  ring  being  practically  a repetition  of  the  ring  next  in 
front.  More  often,  as  in  man,  the  segmentations  of  the 
different  internal  organs  do  not  completely  agree  and  do  not 
correspond  with  external  marks.  Thus  our  body  can  hardly 
be  said  to  be  segmented  externally.  At  the  most  it  is  broken 
up  into  three  regions — the  head,  the  fore  part  of  the  trunk 
with  the  arms,  and  the  hind  part  of  the  trunk  with  the  legs. 
To  a certain  extent  the  muscles  are  segmented,  but  these 
segments  do  not  correspond  with  the  divisions  of  the  outer 
surface.  The  lungs,  the  heart,  the  alimentary  canal,  and  the 
kidneys  are  unsegmented,  while  the  nerves,  the  ribs,  and  the 
backbone  are  highly  segmented.  So  far  as  observation  goes 
segmentation  is  a phenomenon  that  may  occur  in  almost  any 
coelomate  tissue,  and  although  the  result  of  it  is  to  produce 
an  appearance  of  similarity — just  as  from  a balloon  at  a con- 
siderable height  a row  of  elephants  and  a row  of  corn-ricks 
would  closely  resemble  each  other — there  is  no  necessity  to 
suppose  that  segmented  animals  or  tissues  are  really  more 
like  each  other  than  are  unsegmented  animals  or  tissues. 

The  whole  of  the  body  is  invested  with  a delicate  trans- 
parent iridescent  cuticle.  This  is  not  composed  of  cells,  but 
is  formed  as  a secretion  by  the  external  cells  of  the  body- 
wall.  When  a worm  is  placed  in  spirit  the  cuticle  becomes 
separated  from  the  underlying  cells,  and  strips  off  easily. 
If  the  anterior,  more  pointed  end  be  examined  carefully  with 
the  naked  eye,  and  with  a small  pocket  lens,  it  may  be  seen 
I ;jjat  the  most  antenor  segment  is  complete  posteriorly,  but 
iat  it  ends  anteriorly  in  a rounded  lobe  overhanging  a wide 
‘ aperture  looking  downwards  and  forwards.  The  aperture  is 
L the  mouth  ; the  projecting  lobe  is  termed  the  prostomium, 
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and  if  a living  worm  be  examined  one  can  see  that  the  pro* 
stomium  is  used  as  a delicate  organ  of  touch,  and  that  it  is 
more  sensitive  than  the  rest  of  the  body.  The  posterior 
segment  of  the  body  has  a vertical  slit  between  two  humid 
lips,  on  the  posterior  or  terminal  surface.  This  is  the  anus. 
Near  the  anterior  end  of  the  body — actually  in  segments 

29-35 — there  is  a whitish,  swollen, 
saddle-shaped  patch — the  clitellum. 
This  is  most  apparent  on  the  back  of 
the  animal,  and,  except  during  the 
breeding  season,  it  is  not  a conspicuous 
object.  It  is  a patch  of  the  ectoderm, 
the  walls  of  which  are  glandular  and 
secrete  a cocoon,  within  which  the 
mature  ova  and  spermatozoa  are 
placed. 

If  a finger  be  passed  along  the  ven- 
tral flatter  surface  of  an  earthworm 
from  the  posterior  to  the  anterior 
region,  it  will  be  felt  that  that  surface 

Pig.  41.— a.  Prostomium  js  noj.  sm00th  like  the  rest  of  the 
and  first  and  second  seg-  . 

ments  of  Allolobophora ; b.  earthworm,  but  is  studded  with  sharp 

same  of  Lumbricus.  The  bristle-like  points.  These  are  curved 

lower  figure  is  a diagram  „ , , , . ,,  r 

Of  the  ventral  aspect  Of  seg-  open  S-shaped  bristles  of  a horny 

ments  (9-16)  of  an  earth-  material  which  is  common  among 
rk£  invertebrate  animals,  forming,  for  in- 
seta; : the  round  dots  in  stance,  the  hard  outer  cuticle  oi 
front  of  the  outer  setEe  of  the  beetles  and  called  chitill.  In  the 
inner  pairs  are  the  nephri-  ’ . , . 

dial  pores.  The  sperma-  common  earthworm  there  are  eigni 

thecal  apertures  are  between  setae  on  each  segment  except  the  an- 
9 and  10,  and  10  and  11;  . , , . . /r?io 

the  apertures  of  the  egg  tenor  and  posterior  segments  (Mg. 

ducts  are  in  14,  and  of  the  41).  These  eight  are  arranged  in 
male  ducts  in  16.  four  longitudinal  rows  (two  lateral 

and  two  ventral),  the  spaces  between  the  longitudinal  rows 
being  flattened.  The  ventral  rows  are  on  the  paler  ventral 
surface  : the  lateral  rows  lie  parallel  with  them,  where  the 
darker  colouring  of  the  upper  part  of  the  body  begins.  The 
sefie  are  embedded  in  blind  sacs  of  the  epidermis,  projecting 
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into  the  coelome,  and  they  are  formed  by  an  excretion  from 
the  cells  lining  the  sacs.  A powerful  set  of  muscles  is 
attached  to  each  sac,  and  by  means  of  these  muscles 
the  setm  form  the  locomotor  apparatus  of  the  earthworm. 
When  cast  off,  the  setae  are  replaced,  and  young  setae 
occasionally  may  be  seen  alongside  mature  examples. 

In  addition  to  the  mouth  and  anus  there  are  other  ex- 
ternal apertures.  The  dorsal  or  peritoneal  pores  are  small 
apertures  situated  in  the  middle  of  the  constrictions  separa- 
ting the  segments.  If  the  body  of  a newly  killecj  earthworm 
be  gently  squeezed,  a small -drop  of  fluid  exudes  from  each 
pore,  and  it  may  be  seen  that  there  is  one  of  them  in  every 
constriction  except  near  the  front  end  of  the  body. 

The  orifices  of  the  excretory  organs,  or  nephridia,  are 
very  small,  but  in  large  specimens  they  may  be  seen  with 
the  aid  of  a hand  lens.  There  are  two  orifices  in  each  seg- 
ment ; each  lies  just  outside  and  in  front  of  the  external 
seta  of  the  inner  longitudinal  row. 

The  sexual  apertures  are  more  conspicuous  (Fig.  41).  In 
the  common  earthworm,  on  the  ventral  surface  of  the  15th 
segment  (the  segments  should  be  counted,  as  variations  in 
the  position  may  occur)  are  a pair  of  large  slit-like  apertures 
guarded  by  swollen,  light-coloured,  tumid  lips.  These  are 
the  external  openings  of  the  male  organs.  In  a line  with 
these,  on  the  segment  next  in  front,  are  a pair  of  smaller 
apertures,  the  female  openings. 

The  ventral  surface  of  a few  of  the  segments  in  front  of 
this  (9  to  n),  especially  in  the  breeding  season,  is  swollen, 
and  resembles  the  clitellum.  In  line  with  the  lateral  sehe 
at  each  side  there  is  present  a small  opening  between  the 
9th  and  10th,  and  between  the  10th  and  nth  somites.  These 

are  openings  of  accessory  reproductive  organs  termed  the 

spermathecae. 


All  the  external  characters  should  be  made  out  on  a living 
or  a newly  killed  worm.  ° 

Kflhng  by  chloroform  contracts  the  muscles  and  distorts 
he  animal.  The  dissection  should  be  performed  upon  as 
iarge  a specimen  as  possible,  killed  by  immersion  in  methy- 
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lated  spirit  for  two  minutes,  and  then  washed  under  the  tap 
for  half  an  hour.  A specimen  so  treated  is  quite  limp,  and 
should  be  dissected  under  water  in  a shallow  dish  provided 
with  a false  bottom  into  which  pins  will  stick.  A sheet  of 
cork  weighted  with  lead,  or  a layer  of  paraffin  run  into  the 
bottom,  serve  this  purpose  equally  well.  In  the  course  of  dis- 
section the  dish  should  be  placed  under  the  tap  at  frequent 
intervals,  so  that  all  debris  that  makes  the  water  cloudy  may 
be  removed.  The  dorsal  wall  must  now  be  slit  up  carefully 
along  the  middle  line,  and  the  two  flaps  pinned  back  to  the 
cork.  The  spacious  coelome  or  body  cavity,  containing  the 
alimentary  canal  and  the  internal  organs,  is  exposed  by  this 
incision,  and  one  sees  at  once  that  it  is  divided  by  a series 
of  mesenteric  septa — delicate  membranous  partitions  usually 
coinciding  with  the  constrictions  between  the  segments, 
except  in  front  of  the  fourth  segment.  Occasionally  septa 
may  be  more  numerous  than  the  segments.  In  order  to  pin 
out  the  flaps  widely  and  expose  the  internal  organs  fully, 
it  will  be  found  necessary  to  cut  through  the  septal  attach- 
ments to  the  body-wall  for  a short  distance  on  each  side  of 
the  original  longitudinal  incision. 

Before  proceeding  further  with  the  dissection,  the  general 
arrangement  of  the  organs  should  be  examined  carefully. 
The  most  conspicuous  organs  which  are  first  seen  are : 
anteriorly  is  the  pharynx,  a wide,  muscular  sac  reaching 
from  the  anterior  end  to  nearly  the  8th  segment ; behind  this 
it  narrows  and  is  overlaid  by  other  structures,  but  in  about 
the  15th  to  the  21st  segments  it  is  again  visible  as  two 
rounded  muscular  masses — the  crop  and  gizzard,  the  latter 
being  separated  by  a constriction  from  the  intestine.  This 
is  sacculated,  expanding  in  the  segments  and  constricted  at 
the  septa  ; near  the  posterior  end  of  the  body  it  gets  rounder, 
and  narrows  until  it  reaches  the  anus.  The  outer  or  coelomic 
surface  of  the  intestine  is  covered  by  a greenish-yellow  layer 
— the  chloragogen  cells.  Running  along  the  dorsal  middle 
line  of  the  alimentary  canal  from  the  hinder  end  of  the  body 
is  a bright  red  tube— the  dorsal  or  supra-intestinal  blood- 
vessel. It  ends  anteriorly  in  the  region  of  the  pharynx,  ovei 
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which  it  ramifies.  In  each  segment  a pair  of  blood-vessels 
are  received  by  it,  and  come  in  from  the  inner  side  of  the 
body-wall.  In  segments  7 to  11  there  are  five  large  and 
conspicuous  vessels — the  pseudo-hearts.  In  the  living  worm 
their  muscular  walls  are  contractile,  and  they  serve  to  propel 
the  blood. 

The  alimentary  canal  and  the  other  organs  are  generally 
: covered  and  obscured  by  large,  whitish,  hollow,  irregular 
masses  stretching  from  about  the  8th  to  the  15th  segments. 
These  are  the  yesiculae  seminales— reservoirs  of  the  seminal 
fluid.  In  the  breeding  season  (Fig.  43,  right  side)  they  are 
so  large  and  conspicuous  that,  even  before  the  earthworm 
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Fir..  42. — Diagrammatic  longitudinal  view  of  the  fore-part  of  an  earthworm 
opened  from  the  left  side.  The  coelome  is  the  black  space ; the  alimentary 
canal  is  the  dotted  tube  passing  from  the  mouth  backwards.  The  nervous 
system  and  blood-vessels  are  in  white,  m.  Mouth  ; a,  wall  of  buccal  cavity  ; 
b,  cerebral  ganglion  from  which  the  nerve-collar  runs  round  the  alimentary 
canal  to  be  continued  as  n,  the  ventral  nerve-cord  ; c,  pharynx  ; d,  dorsal 
blood-vessel ; e,  anterior  of  the  five  hearts  which  lead  from  d round  the 
oesophagus ; f,  calciferous  pouch ; in  the  succeeding  two  segments  are  the 
calciferous  glands. 

is  opened,  they  may  be  seen  bulging  the  body-wall  out. 
There  are  three  at  each  side  and  two  large  median  ones. 
When  they  are  not  well  developed,  there  may  be  seen  between 
them  three  pairs  of  expansions  of  the  wall  of  the  alimentary 
canal  between  the  pharynx  and  the  gizzard.  The  anterior 
paii,  about  the  10th  segment,  are  the  calciferous  pouches 
—glistening,  whitish  organs  ; and  the  succeeding  two  pairs 
m the  nth  and  12th  segments  are  the  oesophageal  or 
calciferous  glands.  Immediately  behind  them,  the  ali- 
mentary canal  expands  to  form  a soft-walled  sac  called  the 
crop,  which  passes  into  the  muscular  gizzard.  In  the  9th 
and  10th  segments,  laterally  just  under  the  edge  of  the 
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vesiculae  seminales,  may  be  seen  two  pairs  of  rounded  white 
bodies — the  spermathecse — the  external  openings  of  which 
have  already  been  described. 

The  septa  are  specially  strong  in  the  anterior  part  of  the 
body,  and  owing  to  the  lateral  stretching  of  the  body  when 
the  flaps  were  pinned  out,  it  will  be  found  that  the  septa 
are  bent  so  that  they  overlap  each  other.  But  in  the  region 
behind  the  gizzard,  the  segments  are  larger  and  the  septa 
straighter.  In  this  region  a pair  of  nephridia  may  most 
easily  be  seen  in  each  segment.  Each  nephridium  is  a 
small  coiled  structure  closely  attached  to  a mesentery,  and 
lying  under  and  to  the  side  of  the  alimentary  canal. 

For  more  detailed  dissection  the  different  organs  must 
be  taken  separately,  and  if  it  be  found  that  the  examina- 
tion of  one  set  of  organs  has  injured  another  set,  another 
worm  should  be  dissected,  special  care  being  taken  with 
the  organs  imperfectly  seen  in  the  first. 

Alimentary  canal  (Fig.  42).  This  consists  of  a straight 
tube  running  from  the  mouth,  which  opens  from  the  ventral 
side  of  the  1st  segment,  and  is  overhung  by  the  prostomial 
lobe,  to  the  anus,  which  is  posterior  and  surrounded  by  the 
last  segment.  The  mouth  cavity  or  buccal  sac  leads  into 
a very  short  constricted  part,  which  is  surrounded  by  the 
nerve  collar,  and  this  leads  into  a wide,  very  thick-walled 
muscular  pharynx,  which  extends  to  the  6th  segment,  and 
is  bound  to  the  body-wall  by  fan-shaped  strands  of  extrin- 
sic muscles.  From  the  posterior  end  of  this  emerges  a 
narrow  oesophagus,  which  runs  back  to  the  15th  segment. 
Midway  on  this  are  three  pairs  of  protuberances — the  cal- 
ciferous  pouches  and  glands.  The  first  pair  lie  in  segment 
10,  and  have  a narrow  opening  into  the  gut.  The  second 
and  third  pairs  lie  in  segments  n and  12,  and  are  closed 
cavities  except  their  opening  into  the  calciferous  pouches  ; 
their  walls  are  lined  by  horizontal  lamellae.  The  glands 
when  opened  are  found  to  contain  a milky-white  fluid 
secretion.  Under  the  microscope  this  is  seen  to  contain 
numerous  rounded  solid  bodies,  and,  in  the  hist  pair, 
rhombohedra  and  large  concretions.  1 liese  are  calcareous 


THE  EARTHWORM 


167 


bodies,  soluble  in  acetic  acid  with  the  evolution  of  carbonic 
acid.  The  function  of  the  secretion  is  unknown,  but  prob- 
ably the  calcareous  fluid  serves  to  neutralize  the  organic 
: acids  which  at  the  rise  and  fall  of  the  year  are  largely 
developed  as  the  result  of  rapid  vegetable  decomposition.  In 
the  15th  segment  the  oesophagus  begins  to  expand,  and 
widens  until  the  18th  segment,  where  it  forms  a large  mus- 
cular and  extensible  crop.  It  may  act  as  a temporary  storage 
r,  organ  for  food.  Behind  the  crop  is  the  gizzard.  This  is  a 
grinding  or  triturating  organ,  and  its  wall  is  extremely  thick 
and  muscular.  Its  interior  is  lined  by  a thick,  chitinous 
secretion  which  protects  the  wall  while  the  stones  and  hard 
particles  taken  in  are  rubbed  down.  The  gizzard,  like  the 
crop,  is  to  be  considered  as  a modified  part  of  the  oesophagus. 
Behind  it,  the  alimentary  canal  passes  into  the  sacculated 
intestine,  which  passes  straight  back  to  the  anus.  The 
pharynx  should  now  be  cut  across,  and  the  whole  alimentary 
canal  from  the  cut  portion  to  the  anus  should  be  removed 
from  the  body,  slit  open  along  one  side,  washed  out,  and 
examined.  In  the  intestine  a striking  feature  is  the  typh- 
losole — a fold  of  the  dorsal  wall  hanging  down  half-way 
into  the  cavity  of  the  gut.  The  intestine  is  an  epithelial 
tube  lined  with  endoderm  and  invested  in  two  very  thin 
muscular  layers.  Of  these,  the  muscle  fibres  are  arranged  in 
a circular  direction  around  the  intestine  in  the  inner  coat, 
and  longitudinally  along  the  intestine  in  the  outer  one.  The 
muscular  layers  do  not  dip  down  into  the  typhlosole,  which 
is  epithelial  in  composition,  and  serves  to  increase  the 
secretive  and  digestive  surface  of  the  intestine.  The  typhlo- 
sole extends  back  along  the  whole  length  of  the  intestine  to 
within  a short  distance  in  front  of  the  anus. 

Coelome.  The  spacious  cavity  in  which  the  alimentary 
canal  lies,  and  which  is  broken  up  into  successive  segments 
by  the  septa,  is  the  coelome.  It  is  lined  throughout  by  a 
delicate  flattened  layer  of  cells,  the  nuclei  of  which  can  be 
seen  m transverse  sections.  This  layer,  or  epithelium,  is 
reflected  over  all  the  organs  lying  in  the  coelome.  The 
coelome  communicates  with  the  exterior  by  the  dorsal  pores 
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and  also  through  the  nephridia  and  the  genital  ducts.  The 
fluid  within  it  contains  amoeboid  corpuscles  and  large  round 
cells  loaded  with  granules. 

To  examine  the  coelomic  fluid  and  the  blood,  a small 
earthworm  should  be  killed  with  chloroform.  As  soon  as  it 
is  dead  the  coelome  should  be  opened  by  a small  slit  in  the 
middle  dorsal  line,  care  being  taken  to  avoid  the  dorsal  blood- 
vessel. The  slit  should  be  large  enough  to  introduce  a very 
small  pipette  or  the  point  of  a camel’s-hair  brush,  by  which 
drops  of  the  coelomic  fluid  are  to  be  transferred  to  a glass 
slide.  These  drops  may  be  examined  in  the  fresh  condition 
under  a cover-glass,  but  it  is  advantageous  to  kill  and  fix  the 
coelomic  corpuscles  by  holding  the  glass  slide  with  the  drop 
on  its  under  surface  over  a few  drops  of  osmic  acid  in  a watch- 
glass.  The  drop  on  the  slide  must  not  be  allowed  to  touch 
the  acid.  The  vapour  rising  from  the  watch-glass  is  sufficient 
for  the  purpose. 

The  blood  is  to  be  examined  in  the  same  way,  a few 
drops  being  removed  from  a large  blood-vessel.  The  blood 
consists  of  a pale-yellow  serum  in  which  float  colourless 
corpuscles.  The  colour,  which  is  red  in  a thicker  layer 
or  when  seen  in  the  blood-vessel,  is  due  to  haemoglobin,  the 
same  pigment  as  that  found  in  the  blood  of  vertebrates. 
But  in  them  the  serum  is  colourless,  and  the  haemoglobin 
is  contained  in  the  corpuscles. 

The  corpuscles  of  the  earthworm  are  very  small.  Each 
contains  a large  nucleus  similar  to  those  which  are  found  in 
the  cells  lining  the  blood-vessels.  These  corpuscles  are 
therefore  unlike  either  the  red  or  the  amoeboid  corpuscles 
of  vertebrates.  The  amoeboid  corpuscles  found  in  the 
coelome  are  most  probably  the  representatives  of  the  white 
corpuscles  of  vertebrates,  and,  like  them,  they  have  been 
observed  in  the  process  of  ingesting,  and  so  destroying  foreign 
bodies  like  bacteria  which  have  found  their  way  into  the 
body  of  the  earthworm. 

The  lining  epithelium  of  the  coelome  is  modified  in  certain 
special  regions.  The  yellowish  layer  of  chloragogen  cells 
covering  the  intestine  has  already  been  mentioned.  These 
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are  in  special  connexion  with  the  plexus  of  blood-vessels 
which  ramifies  over  the  intestine  ; they  extract  waste 
substances  from  the  blood,  and  when  they  are  laden  with 
them,  the  cells  are  bodily  discharged  into  the  coelome* 
from  which  they  are  removed  by  the  nephridia. 

Next,  it  is  on  the  lining  epithelium  of  the  coelome  that  the 

I sexual  cells  are  produced ; the  testes  and  the  ovaries, 
presently  to  be  described,  are  little  buds  of  cells  jutting  into 
the  body  cavity  from  its  lining  wall,  and  the  sexual  products 
escape  from  the  coelome  by  the  sexual  ducts. 

Sexual  organs  (Fig.  43).  The  ovaries  are  a pair  of  minute 
rounded,  conical  bodies  projecting  into  the  cavity  of  segment 
13  from  the  posterior  wall  of  the  segment  separating  seg- 
ment 13  from  segment  12.  They  are  very  small  except  in 
. the  breeding  season.  In  order  to  see  them  one  must  care- 
fully raise  the  upper  edge  of  the  septum  to  which  they  are 
attached,  by  a small  pair  of  forceps,  when  the  little  conical 
projections  are  visible,  one  at  each  side  of  the  middle  line. 
Hold  up  the  septum  with  the  left  hand ; in  this  position 
the  portion  of  the  septum  to  which  the  ovary  is  attached  may 
be  cut  off  with  fine  scissors,  and  the  whole  transferred  to  a 
slide  and  examined  in  water  or  glycerine.  Staining  on  the 
slide  with  a quickly  acting  pigment  like  eosin  or  methyl 
green  is  an  advantage.  At  the  pointed  or  free  end,  if  the 
worm  were  sexually  mature,  lie  ripe  eggs.  These  are  large 
n round  cells  with  a distinct  wall,  the  vitelline  membrane, 
granular  cell-body,  which  consists  of  protoplasm  loaded  with 
spherical  particles  of  food-yolk,  and  with  a large  round 
nucleus  or  germinal  vesicle.  Within  this  may  be  "seen  one 
or  two  nucleoli  or  germinal  spots.  Behind  the  ripe  eggs  lie 
t younger  ova  in  different  stages  of  ripeness,  and  these  pass  into 
I a mass  of  small  cells,  which  are  in  continuity  with  the  ccelomic 
; epithelium.  In  the  12th  segment  occasionally  there  are  to 
be  found,  especially  in  young  worms,  a second  pair  of  very 
sma  ovaries  similarly  attached  to  the  septum  between 
segments  12  and  11. 

1 The  septum  between  segments  13  and  14  must  next  be 
raise  with  the  forceps,  and  there  is  to  be  seen  closely  applied 
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to  its  anterior  face,  and  exactly  opposite  the  ovaries,  a pair  of 
short,  wide  funnels,  These  are  the  openings  of  the  oviducts, 


Fig.  43. — Genital  segments,  diagrammatic  dorsal  view,  the  intestine  having 
been  removed.  The  coelome  is  black,  the  septa  and  nervous  cord  (N)  white. 
The  right  half  represents  a mature,  the  left  an  immature,  worm. 

Spermothecse : laterally  in  segment  9 bulging  out  septum  between  9 and  10 ; 
the  second  pair  lie  similarly  in  segment  10,  but  the  right  is  covered  by  the 
vesiculre  seminales.  Vesiculse  seminales  (V),  on  the  right,  form  large  bulbous 
masses  from  segments  9 to  13 ; on  the  left,  they  lie  on  septa  9-10,  10-11,  and 
11-12,  the  two  latter  communicating  with  the  seminal  funnels.  Testes  (T),  on 
the  left,  attached  to  the  posterior  wall  of  septa,  9-10  and  10-11 ; on  the  right, 
concealed  by  vesiculse  seminales.  Vas  deferens  runs  back  from  the  seminal 
funnels  under  the  nephridial  coils  to  segment  15.  Ovaries  (O),  attached  to 
septum  12-13  in  line  with  the  testes.  Opposite  them  are  the  oviducal  funnels 
in  segment  13,  with  the  receptacula  ovorum  bulging  into  14 ; from  the  side  of 
the  funnels  the  oviducts  run  back  to  openings  in  14. 

Nephridia.  The  preseptal  funnels  lie  on  the  sides  of  the  nerve  cord  in  every 
segment ; the  coils  are  visible  except  when  they  are  covered  by  other  organs. 
(Partly  after  Beddard.) 

and  these  ducts  are  short  tubes  running  through  the  septum 
to  the  external  openings  on  segment  14.  Each,  as  it  passes 
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through  the  septum,  is  in  close  connexion  with  a small 
1 backward-directed  pouch  of  the  septum  projecting  into  seg- 
: ment  14.  The  walls  of  these  are  highly  vascular,  and  so  are 
conspicuous,  although  small.  They  are  egg-sacs  or  recepta- 
cula  ovorum,  in  which  eggs  may  sometimes  be  found,  but  in 

■ the  common  earthworm  they  are  of  little  importance.  In 
some  of  its  allies,  however,  these  egg-sacs  are  enormous, 
extending  a great  way  down  the  body.  The  testes,  the  male 
organs  corresponding  to  the  ovaries  of  the  female,  consist  of 
two  pairs  lying  attached  to  the  posterior  face  of  the  septa 
between  segments  9 and  10  and  between  segments  10  and  11, 
in  positions  in  line  with  the  ovaries.  Attached  to  the  anterior 
faces  of  the  septa,  one  opposite  each  testis,  are  the  seminal 
funnels.  These  are  large  opaque-white  membranous  funnels, 
the  walls  of  which  are  much  folded  and  are  lined  on  the 
inside  by  ciliated  cells.  They  are  sometimes  called  the  cili- 
ated rosettes,  on  account  of  the  ciliated  condition  and  rosette- 

; like  folding  of  their  wall.  Each  funnel  passes  into  a small 
tube — the  Yas  efferens — which  pierces  the  septal  wall.  The 
two  vasa  efferentia  of  each  side  unite  in  segment  12  to  form 
at  each  side  a single  narrow  tube,  the  Yas  deferens,  which 
runs  back  to  the  male  opening  on  each  side  of  the  middle  line 
on  the  ventral  surface  of  segment  15.  The  vas  deferens  is 
partially  buried  in  the  body- wall  and  therefore  difficult  to  see. 

In  immature  specimens  of  either  Allolobophora  or  of  Lum- 

■ bricus — that  is  to  say,  of  any  of  the  common  earthworms — the 
testes,  funnels,  and  ducts  are  visible  when  the  alimentary 
canal  has  been  removed  (Fig.  43,  left  side).  But  the  case  is 
different  in  adults.  In  Lumbricus,  in  both  the  loth  and  nth 

; segments,  there  is  a large  median  sac  formed  as  an  outgrowth 
of  the  septal  wall  called  the  median  sperm  reservoir  or 
SiYesicula  seminalis.  These  reservoirs  are  prolonged  into 
paired  sperm-sacs  in  segments  9,  n,  and  12,  and  the  whole 
set  of  sacs  forms  a prominent  irregular  white  collection  of 
j pouches,  which  contain  a thick  fluid  in  which  are  floating 
developing  masses  of  spermatozoa.  The  median  reservoirs 
enclose  the  testes  and  the  funnels,  and  it  is  necessary  to  slit 
• them  open  and  wash  out  the  contents  before  the  testes  and 
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funnels  can  be  seen.  In  Allolobophora,  and  therefore  in  the 
common  worm  used  for  dissection,  there  are  no  median  reser- 
voirs, but  there  are  three  pairs  of  seminal  sacs  corresponding 
to  the  paired  outgrowths  present  in  Lumbricus.  In  the  mature 
condition  these  are  large  and  bloated  and  have  contents 
similar  to  those  of  Lumbricus.  Occasionally  they  grow  into 
each  other,  but  to  find  the  testes  it  is  necessary  not  to  cut  into 
them,  but  to  displace  them  or  to  remove  them  entirely. 

A small  portion  of  a testis  should  be  removed,  stained  with 
eosin,  and  teased  with  needles.  It  contains  small  irregular 
cells  with  large  nuclei : these  are  parts  of  the  germinal  epi- 
thelium, which,  as  in  the  case  of  the  ovary,  is  a special  patch 
of  the  ccelomic  epithelium.  Among  them  are  present  larger 
cells  produced  from  them.  These  larger  cells  are  the  spermo- 
spores  or  sperm-mother  cells,  each  of  which  by  division  gives 
rise  to  a large  number  of  spermatozoa.  The  spermospores 
are  set  free  from  the  testis,  and  by  rapid  cell-division  give  rise 
to  oval  tuberculated  masses  containing  many  nuclei.  Each 
mass  may  be  called  a spermatophore  or  sperm-blastophor. 
It  consists  of  a central  non-nucleated  sphere  of  passive  proto- 
plasm, surrounded  by  tiny  rounded  cells,  each  with  a nucleus. 
These  are  the  spermoblasts.  It  is  said  that  each  spermo- 
blast  elongates,  and  while  its  protoplasm  produces  the  tail  of  a 
spermatozoon  its  nucleus  forms  the  head.  At  a later  stage  in 
development,  the  central  sphere  of  passive  protoplasm  is 
surrounded  not  by  the  mulberry-like  spermoblasts,  but  by  the 
filamentous  spermatozoa.  In  order  to  see  the  different  stages 
in  the  development  of  the  spermatozoa  a small  drop  of  the 
milky  juice  contained  in  the  sperm  sacs  or  sperm  reservoirs 
should  be  stirred  into  a drop  of  normal  salt  solution  on 
a slide  and  covered  with  a cover-slip.  It  will  be  seen  to 
contain  numerous  spermatophores  in  different  stages.  There 
are  (1)  Mulberry-shaped  multi-nucleated  masses.  (2)  Masses 
in  which  the  protoplasm  is  arranging  itself  around  each 
nucleus  and  projecting  outwards  as  a filament.  (3)  Stages  in 
which  the  filaments  are  prolonged  to  form  the  tails  of  the 
spermatozoa.  (4)  Final  stages  in  which  each  spermatophore 
consists  of  a central  unchanged  portion  of  passive  protoplasm 
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surrounded  by  tufts  of  spermatozoa.  Occasionally  free  sperma- 
tozoa, each  with  an  elongated  head  and  a long  hair-like  tail, 
may  be  seen. 

Among  the  contents  of  the  sperm-reservoirs  almost  invari- 
ably there  are  present  stages  of  a unicellular  animal  belonging 
to  the  genus  Monocystis.  This  is  one  of  a group  of  parasitic 
Protozoa  named  Gregarines,  which  live  as  parasites  in  the 
bodies  of  coelo mates.  The  fully  grown  cell  is  a large  granular 
mass  of  protoplasm  enclosed  in  an  elongated  oval  cell-wall 
with  pointed  ends.  Normal  salt  solution  does  not  kill  it,  and 
its  shape  constantly  changes  as  it  wriggles  about  in  the  fluid. 
There  may  be  also  seen  large  round  cysts  produced  by  the 
conjugation  of  two  cells.  The  cysts  are  packed  full  of  small 
oval  sporocysts,  each  of  which  has  a hard  wall  enclosing  a tiny 
elongate  mass  of  protoplasm  or  sporoblast.  Ruptured  cysts 
and  free  sporocysts  are  of  frequent  occurrence.  These  Gre- 
garines, unlike  the  algae  found  in  endoderm  of  Hydra , are 
parasites ; so  far  as  is  known  their  presence  is  attended  with 
no  benefit  to  their  host,  and  in  many  cases  they  produce 
diseases.  The  bodies  of  earthworms  which  may  be  found 
away  from  their  burrows  lying  in  a half-dead  condition  on 
the  surface  of  the  ground  contain  numerous  Gregarines  of 
different  kinds.  So,  too,  do  those  which  are  dug  up  in  a 
normal  condition  from  the  soil. 

Spermothecae.  Lying  in  the  gth  and  10th  segments  are 
a pair  of  very  peculiar  accessory  reproductive  organs — the 
spermothecae.  These  two  pairs  of  rounded  globular  sacs 
open  directly  to  the  exterior  by  the  spermothecal  pores. 
They  contain  ripe  seminal  fluid  received  from  another  worm 
during  copulation. 

Neryous  system.  When  the  alimentary  canal,  behind  the 
pharynx,  and  the  sperm  reservoirs  have  been  removed,  there 
is  visible,  stretching  along  the  floor  of  the  body  cavity  from 
one  end  to  the  other,  an  apparently  single  delicate  white  cord. 
This  is  the  ventral  nervous  chain.  It  is,  however,  paired  and 
consists  of  two  white  cords  enclosed  in  a common  sheath. 
It  is  expanded  in  the  middle  of  each  segment,  the  swell- 
ings being  larger  in  the  hinder  parts  of  the  body,  and  in 
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each  segment  three  pairs  of  short  nerves  run  from  them,  two 
of  which  enter  the  body  wall.  Of  these  three  nerves  the 
most  anterior  in  each  segment  is  the  Yisceral  nerve,  and 
supplies  the  viscera.  The  two  which  come  off  close  together 
in  the  middle  of  the  segment  are  one  of  them  motor,  supply- 
ing the  muscles  of  the  segment,  and  the  other  is  sensory, 
supplying  the  skin  of  the  segment.  If  this  ventral  chain  be 
traced  forwards  under  the  pharynx  it  may  be  seen  in  the 
4th  segment  to  separate  into  two  branches,  each  of  which 
bends  upwards  and  forwards,  the  two  forming  a collar  around 
the  buccal  sac  in  front  of  the  pharynx.  The  dorsal  part 
of  the  collar  is  formed  by  two  pear-shaped  ganglia  lying 
on  the  constriction  in  front  of  the  pharynx  and  united  by 
a transverse  band  of  fibres  called  the  transverse  commissure. 
These  two  are  the  supra-cesophageal  or  cerebral  ganglia  or 
brain,  and  from  them  nerves  run  forward  to  end  in  the 
epidermis  of  the  prostomium. 

Examination  of  transverse  sections  of  the  nerve  cord  show 
that  it  is  paired  throughout  its  length.  It  consists  of  two 
solid  tracts  of  fibres,  approximated  to  each  other  in  the 
middle  line.  The  two  tracts  are  enclosed  in  a strong  elastic 
sheath,  which  contains  embedded  in  it,  on  each  side,  a lateral 
blood-Yessel.  Lying  above  the  two  nerve  cords  and  between 
them  and  the  sheath  are  three  peculiarly  modified  bodies, 
elastic  and  tubular  in  nature,  and  known  as  the  giant  fibres. 
They  are  doubtless  supporting  and  protective  in  nature,  like 
the  sheath.  In  structure  they  resemble  nerve  fibres,  but  they 
are  much  greater  in  diameter  and  very  probably  they  have 
lost  their  nervous  functions. 

The  metameric  or  segmental  swellings  of  the  nerve  cord, 
sometimes  spoken  of  as  ganglia,  are  not  real  ganglia  at  all. 
They  are  not,  for  instance,  conformable  to  the  cerebral 
ganglia,  which  are  true  ganglia.  A ganglion  is  a localized  col- 
lection, or,  as  it  were,  a concentration  of  nerve  cells.  In  the 
earthworm,  the  cerebral  ganglia  is  the  only  situation  where 
such  a localization  occurs.  For  throughout  the  length  of  the 
nerve  cords  the  nerve  cells  are  found  uniformly  distributed 
and  occupying  chiefly  a peripheral  position.  The  chief  bulk 
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of  the  nerve  cords  consists  of  nerve  fibrils  running  longi- 
tudinally. 

There  is  a difference  in  the  origin  and  distribution  of  the 
sensory  and  motor  nerves  which  deserves  special  notice.  The 
fibrils  of  the  motor  nerves  arise  as  outgrowths  of  the  nerve 
cells,  and  they  pass  outwards  and  end  in  the  muscle  fibres. 
But  the  fibrils  of  the  sensory  nerves  arise,  not  from  the  nerve 
cells  but  from  the  ectoderm  cells  of  the  skin.  These  con- 
stitute sensory  as  well  as  protective  cells.  The  sensory 
fibrils  grow  inwards  from  the  sensory  epithelium  (ectoderm) 
and  upon  reaching  the  nerve  cord  divide  into  two  branches, 
one  ascending  (anterior)  and  the  other  descending  (posterior), 
each  of  which  ends  in  arborizations  around  a nerve  cell 
(compare  Plate  IX,  Figs.  1 and  2). 

The  earthworm  is  devoid  of  specialized  sense-organs  such 
as  eyes,  ears,  and  olfactory  organs.  Yet  we  know  it  is  sensi- 
tive to  light,  and  there  are  reasons  to  believe  that  it  is  sensitive 
also  to  sound  and  smell.  The  only  approach  to  specialized 
sense-organs  shown  by  the  earthworm  is  in  the  presence 
of  globular  aggregations  of  sensory  cells  in  the  head  region 
and  around  the  setae.  These  are  probably  mainly  tactile  in 
function. 

Circulatory  System.  This  system  should  be  examined  in 
a fresh  worm  dissected  under  50  per  cent,  spirit.  Immersion 
for  some  hours  previously  to  dissection,  under  5 per  cent, 
nitric  acid  in  50  per  cent,  spirit,  renders  the  blood-vessels 
more  conspicuous.  The  blood-vessels  are  recognized  by  their 
bright  red  colour;  but  they  are  black  if  previously  treated 
with  nitric  acid. 

The  dorsal  or  supra-intestinal  vessel  (Fig.  42)  may  be 
seen  through  the  skin  in  a living  animal.  It  runs  from  the 
posterior  end  to  the  pharynx,  closely  applied  to  the  alimen- 
tary canal.  The  flow  of  blood  is  from  behind  forwards,  and 
the  vessel  is  rhythmically  contractile.  The  ventral  or  supra- 
neural  vessel  is  a median  blood-vessel  running  backwards 

elow  the  alimentary  canal  and  above  the  nerve  cord,  along 
the  whole  length  of  the  animal.  Anteriorly  it  communi- 
cates with  the  dorsal  vessel  through  a series  of  capillaries. 
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The  sub-intestinal  vessel  lies  embedded  in  the  ventral  wall 
of  the  alimentary  canal.  It  receives  the  capillaries  of  the 
wall  of  this  canal,  which  are  formed  by  the  breaking  up  of 
vessels  derived  from  the  main  dorsal  vessel.  The  sub-neural 
vessel  runs  along  the  whole  length  of  the  animal  under  the 
nerve  cord.  The  lateral  neural  vessels  run  along  the  whole 
length  of  the  nerve  cord,  and  are  embedded  in  the  sheath. 
These  are  the  main  trunks  of  the  vascular  system,  and  they 
are  connected  with  each  other  by  a complicated  system  of 
capillaries. 

The  hearts  are  five  pairs  of  large  contractile  vessels  (Fig.  42) 
running  round  the  oesophagus  in  segments  7 to  11  from  the 
dorsal  to  the  ventral  vessel.  During  life  the  contractions 
pass  from  above  downwards.  In  each  segment  a pair  of 
vessels  run  round  and  within  the  body  wall  from  the  dorsal 
to  the  sub-neural  vessels.  In  each  segment  at  least  two  vessels 
are  given  off  on  each  side  from  the  dorsal  vessel,  and  imme- 
diately break  up  into  a set  of  meshes  ramifying  all  over  the 
surface  of  the  intestine.  These  are  covered  and  obscured  by 
the  chloragogen  cells.  A longitudinal  band  of  this  mesh- work 
at  each  side  is  specially  conspicuous,  and  these  two  are  some- 
times called  the  lateral  longitudinal  vessels.  The  nephridia 
receive  a blood-supply  from  the  ventral  vessel : a small 
afferent  nephridial  blood-vessel  runs  from  this  to  each 
nephridium,  upon  which  it  breaks  up  into  capillaries.  From 
these  an  efferent  nephridial  vessel  runs  back  to  the  sub-neural 
vessel. 

The  general  course  of  the  circulation  is  as  follows  : From 
the  dorsal  vessel  blood  passes  through  the  alimentary  capil- 
laries to  the  sub-intestinal  vessel.  From  this  it  passes  through 
a series  of  segmental  vessels  to  the  ventral  vessel.  At  the 
same  time  some  of  the  blood  in  the  dorsal  vessel  has  passed 
forwards  and  Rowed  through  the  pseudo-hearts  direct  to  the 
ventral  vessel.  From  this  the  blood  passes  through  the  affe- 
rent nephridial  vessels  in  each  segment  to  the  nephridia. 
Here  it  is  deprived  of  nitrogenous  waste  and  passes  purified 
through  the  efferent  nephridial  vessels  to  the  sub-neural  vessel 
From  this  it  is  carried  to  the  skin  and  body  wall  by  the 
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parietal  vessels,  where  it  gives  up  some  of  its  C02  and  takes 
up  02.  Thence  it  is  carried,  as  the  purest  blood  in  the  body, 
through  the  efferent  or  dorsal  portions  of  the  parietal  vessels 
to  the  main  dorsal  vessel.  The  circulation  is  thus  completed. 
To  facilitate  the  respiratory  process  the  ectoderm  of  the  earth- 
worm shows  a unique  and  exceptional  condition.  Its  cells 
are  pierced  by  blood  capillaries.  In  other  animals  the  blood 
capillaries  lie  beneath  the  ectoderm  and  do  not  penetrate  it 
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almost  to  the  mid-dorsal  line,  and  is  suspended  to  the  septum 
by  a mesentery  of  its  own.  It  is  divisible  into  a pre-septal 
region  lying  in  front  of  the  segment  which  bears  the  external 
aperture  and  a much  larger  post-septal  region.  The  pre- 
septal  region  is  very  short  (Fig.  44,  4),  and  consists  of  a 
ciliated  funnel  or  nephrostome  opening  into  the  coelomic 
cavity  and  a short  tube  passing  through  the  septum  to  form 
the  post-septal  part.  This  part  should  be  cut  out  and  examined 
in  a drop  of  normal  salt  solution  under  a high  power.  The 
funnel  consists  of  a number  of  tall  columnar  cells  lined  by  strong 
cilia,  the  motions  of  which  sweep  a current  from  the  ccelome 
into  the  tube.  The  funnel  opens  into  a narrow  tube  formed 
of  a single  row  of  cells.  The  cavity  of  this  tube  is  hollowed 
out  of  the  interior  of  the  rod  of  cells  through  which  it  passes. 
The  lumen  is  thus  intra-cellular.  The  post-septal  portion 
consists  of  three  loops,  and  the  intracellular  tube  or  lumen 
passes  suddenly  into  the  ascending  limb  of  the  middle  of 
these,  and  then  runs  down  the  descending  limb  and  up  and 
then  down  the  inner  loop,  and  back  again  to  the  middle  loop, 
which  it  first  ascends  and  then  descends.  This  part  of  the 
nephridium  is  the  largest  ; it  is  ciliated  and  flagellated  in 
places,  and  the  ascending  and  descending  parts  are  twisted 
about  each  other.  (In  the  diagram  they  are  drawn  straight, 
on  account  of  simplification.)  The  narrow  part,  after  leaving 
the  middle  loop,  crosses  to  the  inner  loop  and  runs  up  and 
down  that : this  part  of  the  tube  is  glandular  and  excretory, 
and  the  cavity  is  much  wider.  Next  it  runs  up  and  down 
the  middle  loop  again,  and  finally  forms  the  very  wide  tube 
of  the  outer  loop  which  ends  in  the  external  aperture.  This 
latter  portion  has  an  extra-cellular  lumen,  and  is  therefore 
lined  by  an  epithelium.  Muscle-fibres  are  also  present  in  its 
wall,  and  by  their  contractions  excretory  matter  is  expelled 
outwards  to  the  exterior.  Through  the  nephrostome  waste 
matter  and  effete  cells  contained  in  the  cceloinic  fluid  are 
wafted  through  the  lumen  of  the  nephridia  to  the  exterior. 
In  the  glandular  part  of  the  nephridia  nitrogenous  waste  is 
doubtless  excreted  from  the  blood  and  driven  by  the  flagellae 
towards  the  exterior. 


THE  EARTHWORM 


179 

A dense  network  of  blood  capillaries  surrounds  and  ramifies 
through  the  walls  of  the  middle  and  inner  tubes. 

Minuter  details  of  the  anatomy  of  the  earthworm  must  be 
studied  by  means  of  sections.  As  the  amount  of  earthy  matter 
in  the  intestine  blunts  the  razor  and  tears  the  sections,  it  is 
advisable  to  keep  the  worms  for  a few  days  in  damp  moss  or 
ground  coffee,  or  damp  blotting-paper  ; or  if  they  are  placed 
in  salt  and  water  for  a few  minutes  before  killing  they  will 
frequently  discharge  the  contents  of  the  intestine.  A small 
specimen  should  be  chosen,  and  killed  by  immersion  in  methy- 
lated spirit  for  about  two  minutes.  Then  it  should  be  removed 
to  a cold  saturated  solution  of  corrosive  sublimate  in  water 
to  which  1 per  cent,  of  glacial  acetic  acid  has  been  added. 

After  immersion  for  half  an  hour  in  the  solution,  the  tissues 
are  sufficiently  hardened  for  cutting  out  the  pieces  specially 
required.  With  a sharp  razor  a piece  less  than  half  an  inch 
long,  so  as  to  include  three  or  four  complete  segments,  should 
be  removed  from  the  third  quarter  of  the  body.  From  this 
transverse  sections  are  to  be  cut.  Another  piece  should  be 
removed  from  the  anterior  end  so  as  to  include  segments  7 to 
16  inclusive  (of  this  longitudinal  horizontal  sections  should 
be  cut).  These  two  pieces  must  be  replaced  in  the  solution 
for  twenty-four  hours,  and  then  soaked  for  some  hours  in  70 
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above,  and  the  pieces  of  worm  soaked  in  the  alcohol  will  also 
be  light  enough  to  float  in  the  upper  alcoholic  layer.  But  as 
the  chloroform  gradually  diffuses  into  the  alcohol  it  will  also 
diffuse  into  the  tissues  of  the  worm.  When  this  process  is 
complete  the  pieces  of  earthworm  will,  by  their  own  weight, 
sink  to  the  bottom  of  the  tube.  They  should  then  be  removed 
to  pure  chloroform,  benzol,  or  turpentine,  and  some  small 
fragments  of  solid  paraffin  should  be  dropped  in  with  them. 
Gentle  heat  is  useful  to  assist  the  solution  and  penetration  of 
the  paraffin.  For  this  purpose,  the  best  possible  means  is  to 
keep  the  mixture  of  worm,  paraffin,  and  chloroform  in  a 
corked  tube  in  one’s  waistcoat  pocket  for  a few  days,  or  in 
an  incubator.  Lastly,  the  pieces  of  worm  should  be  picked 
out  and  dropped  into  melted  paraffin  kept  at  a temperature 
under  6o°  C.,  in  a hot  chamber.  If  the  process  recom- 
mended here  is  followed,  after  an  hour  in  the  paraffin  the 
pieces  will  be  completely  permeated. 

The  pieces  must  now  be  placed  in  little  paper  moulds  filled 
with  melted  paraffin.  Great  care  must  be  taken  to  arrange 
each  piece  so  that  it  may  be  cut  exactly  in  the  plane  required. 
When  this  has  been  done,  as  soon  as  the  paraffin  is  cool 
enough  to  be  opaque,  the  mould  should  be  cooled  by  placing 
in  cold  water.  Sudden  cooling  renders  it  more  easy  to  cut. 
The  blocks  when  cool  must  be  trimmed  to  a suitable  size,  and 
sections  cut  with  the  microtome  and  placed  on  a slide  in 
order.  The  slide  should  be  smeared  with  a very  small  quan- 
tity of  glycerine  and  albumen  (white  of  egg),  and  then  placed 
in  a warm  chamber  until  the  paraffin  has  melted.  Washing 
with  warm  turpentine  will  dissolve  out  the  paraffin,  after 
which  the  sections  should  be  mounted  in  Canada  balsam 
dissolved  in  chloroform. 

The  sections  must  be  examined  first  under  a low  power  in 
order  that  the  general  arrangement  of  the  tissues  and  organs 
may  be  seen.  Then  the  details  of  structure  are  to  be  in- 
vestigated with  a higher  power. 

Transverse  section  through  the  region  of  the  intestine. 

The  general  shape  is  round.  The  dorsal  surface  is 
indicated  by  the  typhlosole,  the  ventral  by  the  nerve  cord. 
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a.  The  integument.  The  cuticle  is  thin  and  structureless  : 
it  is  usually  partly  or  wholly  separated  from  the  underlying 
epidermis  by  action  of  the  re-agents. 

The  epidermis  comes  next.  It  is  a single  layer  of  columnar 
cells,  with  nuclei  at  their  bases.  These  are  either  glandular 
“ goblet  cells,”  or  more  slender  packing  cells.  The  glandular 
cells  secrete  the  mucus  which  renders  the  body  of  a living 
worm  slimy  and  aids  its  movements  in  its  burrow.  The 
secretion  also  takes  part  in  forming  the  wall  of  the  burrow 
and  cementing  the  particles  of  soil  together,  and  it  is  doubt- 
ess  to  some  extent  a bactericide,  inhibiting  the  growth  of  or 
estioying  certain  bacteria  and  moulds.  The  packing  cells 
form  by  secretion  the  delicate  cuticle.  A second  row  of  very 
small  cells  may  be  distinguished  under  this  outer  layer  in 
specially  good  preparations.  In  the  region  of  the  clitellum 
the  epidermis  cells  are  separated  by  small  interspaces  into 
which  capillaries  run,  and  the  whole  layer  is  much  thicker. 
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exactly  in  a vertical  plane,  either  two  of  the  four  rows  of  set® 

are  not  always  cut  through  in  a single  section. 

/*  The  muscular  layers  of  the  body  wall.  These  consist 

t^  body6"  ladye1’  thG  fibreS  °f  WhiGh  rUn  circularlY  around 
the  body,  and  an  inner  layer  which  is  thicker  of  fibres 

running  longitudinally.  The  latter,  therefore,  are  cut  across 

m the  transverse  section.  The  fibres  are  elongate  columnar 

- connective  « 


182 


OUTLINES  OF  BIOLOGY 


epithelium,  a single  layer  of  cells  so  delicate  that  only  the 
nuclei  are  visible. 

d.  The  intestine  is  the  large  structure  occupying  the 
middle  of  the  section.  Its  diameter  is  about  half  that  of 
the  whole  body.  The  typhlosole  is  a prominent  fold  of  the 
dorsal  wall  extending  down  into  the  intestine  and  making 
the  actual  cavity  crescentic.  Within  this  cavity,  however 
well  one  may  have  attempted  to  empty  the  alimentary  tract, 
there  is  certain  to  be  present  debris  of  some  kind.  The 
cavity  is  lined  by  a single  layer  of  long  narrow  ciliated  cells. 
Outside  this  is  a thicker  layer  of  muscle  fibres  and  connective 
tissue.  The  next  outermost  coat  consists  of  a ramifying 
plexus  of  blood-vessels  embedded  in  chloragogen  cells.  The 
blood-vessels  are  recognized  by  the  blood  within  them,  which 
stains  deeply.  The  larger  passages  of  this  layer  of  blood- 
vessels known  as  the  longitudinal  vessels  are  usually  visible. 
The  dorsal  blood-vessel  lies  immediately  over  the  typhlosole, 
sometimes  embedded  in  chloragogen  cells,  and  the  ventral 
vessel  immediately  under  the  intestine  ; but  these  two  are 
separate  from  the  plexus,  and  vessels  passing  from  them  into 
the  plexus  may  have  been  cut  across. 

Nephridia.  As  these  are  coiled  tubes,  in  cross-section 
they  appear  as  a number  of  circular  and  oblong  pieces 
according  to  the  way  in  which  the  plane  of  the  section 
has  cut  across  the  loops.  If  a successive  series  of  sections 
has  been  mounted,  these  pieces  of  the  nephridia  should  be 
traced  from  section  to  section  until  both  the  funnel  and  the 
external  orifice  have  been  seen. 

The  nerYe  cords  lie  just  within  the  longitudinal  muscular 
layer,  enclosed  in  a strong  double  connective  tissue  sheath,  in 
which  lie  three  blood-vessels — the  sub-neural  on  the  under 
side,  and  the  lateral  neurals  at  each  side.  Within  the  con- 
nective tissue  sheath  is  a thin  muscular  layer  which  surrounds 
the  true  nerve  cords.  If  the  section  passes  through  the 
middle  of  a segment,  the  nerve  cords  are  seen  more  distinctly 
to  be  divided  into  the  two  cords.  The  body  of  the  cords  is 
occupied  by  delicate  nerve  fibres  which  give  a granular 
appearance  to  the  transverse  section,  and  by  large  nucleated 
ganglion  cells.  These  are  more  abundant  in  the  ventral  and 


THE  EARTHWORM 


183 


lateral  regions  of  the  cord.  Along  the  dorsal  region  run 
three  large  fibres  with  thick  walls  and  gelatinous  centres, 
the  giant  fibres.  The  function  of  these  is  unknown,  but 
as  they  have  been  traced  into  nerve  cells  they  may  be 
part  of  the  nervous  apparatus.  By  some  they  are  supposed 
to  be  supporting  or  skeletal  structures.  Lateral  branches 
may  be  seen  issuing  from  the  cord  running  outwards  and 
downwards  into  the  body-wall. 

The  septa  are  transversely  arranged  in  the  body  of  the 
worm,  and  in  many  of  the  transverse  sections  part  of  one  or 
more  may  be  cut  across.  Such  appear  as  very  thin  sheets  of 
connective  tissue  with  a few  muscular  fibres  running  in  them. 

Longitudinal  Horizontal  Section  through  the  Genital 
Organs.  These  will  differ  very  much  according  to  the  plane 
fiom  which  they  are  taken,  and  it  is  very  instructive  to  study 
the  whole  series  from  the  dorsal  surface  to  the  ventral  surface. 
This  should  be  done  under  the  low  power,  as  otherwise  it  is 
impossible  to  understand  the  relative  positions  of  the  organs. 
The  most  useful  are  those  passing  through  the  levels  of  the 
funnels  of  the  genital  ducts,  although  of  course  it  will  be 
extremely  improbable  that  a single  section  will  pass  through 
many  of  these.  As  the  septa  running  across  the  section  are 
very  visible,  it  is  not  difficult,  after  a little  study  and  com- 
parison with  drawings  of  the  dissected  worm,  to  identify 
the  sections  and  the  organs.  J 

The  integument  and  epidermis  running  along  each  side 

of  he  oblong  section  exhibit  nothing  not  seen  in  transverse 
sections. 


The  fibres  of  the  external,  or  circular,  muscular  layer 
will  be  seen  cut  across,  while  the  fibres  of  the  inner,  or 
longitudinal  layer,  run  along  the  section  on  each  side. 

The  coelome  will  appear  as  a longitudinal  space  between 

comm't  eSfWnhlVhe  muscuIar  layer-  and  broken  up  into 

3 , 7n  S ,by  *e  Septa‘  The  Plane  of  section  will 
p obaMy  he  be  ow  the  intestine  except  in  the  region  of  the 

g ard,  a small  portion  of  the  lower  part  of  which  will  be 
visi  le  Notice  the  thick  muscular  wall  and  the  chitinous 

from  itymS  Wlt  m,.the  eudodermal  epithelium  and  formed 
11  om  it  as  a secretion. 
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The  nephridia  will  appear  much  as  in  the  transverse 
sections. 

The  septa  will  exhibit  the  same  structure  as  in  transverse 
section,  and  it  will  be  noticed  that  they  are  pierced  by  the 
blood-vessels,  alimentary  canal,  and  genital  ducts. 

The  genital  organs  occupy  positions  indicated  in  Fig.  43,  but 
their  relation  to  each  other  and  to  the  septa  are  more  apparent. 

After  the  anatomy  of  the  earthworm  has  been  studied,  it  is 
well  to  consider  the  parts  played  by  its  complicated  system 
of  organs  in  the  life  of  the  animal.  We  saw  how  Hydra 
differed  from  a mere  colony  in  that  its  cells  performed 
their  specialized  functions  for  the  general  benefit  of  the 
whole  organism.  In  the  more  complicated  structure  of  the 
earthworm  this  subordination  of  the  parts  to  the  whole  is 
more  marked.  Nutrition  is  now  served  by  an  elaborate  ali- 
mentary canal,  the  various  parts  of  which  have  distinct  func- 
tions. The  food,  which  consists  of  organic  matter  in  the  soil, 
is  swallowed  by  means  of  the  buccal  cavity  and  pharynx  ; it 
is  ground  up  in  the  gizzard,  and  no  doubt  digestive  juices  are 
poured  on  it  from  the  cells  of  the  intestine.  These  certainly 
ingest  from  the  mass  in  the  gut  the  nutritious  particles,  which 
are  in  turn  handed  on  to  the  blood  as  more  elaborated  pro- 
ducts, and  from  the  blood  all  the  cells  of  the  tissues  and 
organs  pick  up  what  nutriment  they  require.  The  cells  dis- 
charge their  waste  liquids  into  the  blood,  and  from  it  the 
nitrogenous  waste  is  removed  in  two  ways.  The  chloragogen 
cells,  which  cover  the  capillaries  of  the  intestine,  extract 
waste  matter  from  the  blood  and  liberate  it  into  the  body 
cavity,  whence  it  escapes  by  the  funnels  of  the  nephridia. 
Next,  the  blood  capillaries  on  the  middle  and  inner  loops  of 
the  post-septal  parts  of  the  nephridia  afford  opportunity  for 
the  glandular  cells  of  these  tubules  to  pick  out  more  waste 
matter,  which,  along  with  matter  coming  in  by  the  funnel,  is 
discharged  by  the  nephridial  apertures. 

There  is  in  the  common  earthworm  no  special  organ  of 
respiration.  But  along  with  the  earthy  matter  taken  into  the 
intestine  much  air  is  doubtless  swallowed,  and  from  this  the 
abundant  blood-vessels  of  the  gut  may  absorb  oxygen  and  no 
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doubt  return  to  it  carbonic  acid,  the  cells  of  the  gut  perform- 
ing or  aiding  the  transfer.  But  the  chief  respiratory  surface 
is  the  skin,  the  ectoderm  cells  of  which  are  pierced  by  blood 
capillaries  [supra,  p.  177).  The  oxygen  combines  with  the 
haemoglobin  dissolved  in  the  blood,  and  is  carried  to  the 
different  tissues  and  cells  of  the  body,  from  which  again  car- 
bonic acid  is  returned  to  the  gut  and  skin  to  be  discharged. 
Associated  with  the  functions  of  the  blood  as  a carrier  of 
food  and  of  waste  matter,  of  oxygen  and  carbonic  acid,  is  the 
fact  that  it  circulates  in  a closed  system  of  vessels,  the  contrac- 
tile hearts  and  dorsal  vessel  providing  the  propelling  force. 

The  reproduction  of  the  earthworm  also  is  complicated. 
Some  of  its  near  allies  can  reproduce  by  budding,  but  al- 
though the  earthworm  has  a limited  power  of  reproducing 
parts  accidentally  lost,  it  has  not  the  power  of  vegetative  re- 
production. Its  normal  method  is  sexual.  As  it  has  both 
male  and  female  organs  in  the  same  individual  it  is  a herma- 
phrodite. Cross-fertilization  is  secured  by  a peculiarly  com- 
plicated process  in  which  two  individuals  are  involved.  First 
two  worms  A and  B copulate,  and  spermatozoa  are  passed 
from  the  male  apertures  of  A into  the  spermothecaj  of  B. 
In  B the  spermatozoa  of  A complete  their  maturation. 
When  the  eggs  of  B in  its  egg-sacs  are  ripe,  the  clitellum 
secretes  a chitinous  and  elastic  cocoon  which  invests  the 
body  ring-wise.  The  worm  B then  begins  to  wriggle  back- 
wards through  the  cocoon.  As  its  14th  segment  passes 
rnto  the  cocoon,  it  drscharges  its  ripe  eggs,  and  upon  the 
cocoon  coming  to  lie  in  the  region  of  the  spermothecee,  the 
ripe  spermatozoa  derived  from  earthworm  A are  discharged 
into  it  Fertilization  then  takes  place.  Finally  the  worm 

AhhnS  hh  C0C°f°,n  Wh!?’  being  dastlc>  cIoses  UP  at  either  end. 

1 ouSh  sonJe.thlug  like  20  to  24  eggs  are  laid  in  the  cocoon 
and  fertilized  and  begin  to  develop,  only  one  worm  ulti- 

fittesty  be0"163  wh'  ThC  Stmggle  f°r  the  survival  of  the 
fittest  begins  before  independent  life  is  entered  upon 

ndeed,  it  would  be  truer  to  say  that  it  never  begins' 

to  onerati  ^ We  Cyde  °f  an  orSanism  does  it  cease 

to  operate,  either  in  worm  or  man. 
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CHAPTER  XXIII 


VERTEBRATES  AND  INVERTEBRATES 

THE  earthworm  is  only  one  among  a very  large  number 
of  invertebrate  triploblastic  Coelomata.  Some  of  these, 
like  star-fishes,  water-fleas,  crabs  and  lobsters,  insects,  spiders 
and  scorpions,  centipedes,  snails  and  cuttle-fish,  are  very 
unlike  it.  A little  reflection  on  the  animals  that  we  all  know 
will  convince  even  those  who  take  no  special  interest  in 
natural  history  that  the  common  invertebrates  fall  into 
natural  groups,  each  group  containing  a number  of  animals 
all  more  or  less  alike.  Naturalists,  from  their  greater  know- 
ledge of  animals,  would  make  more  groups  and  would  detect 
resemblances  and  differences  unapparent  to  the  inexpert. 
But  the  least  expert  would  not  confuse  earthworms  with  star- 
fish, or  either  with  insects  or  snails.  These  are  unlike  in 
almost  every  feature,  and  it  is  in  little  else  than  the  characters 
common  to  all  coelomates  that  they  resemble  each  other.  On 
the  other  hand,  if  we  take  the  coelomate  vertebrates — fishes 
and  amphibians,  reptiles,  birds  and  mammals — although  there 
are  striking  differences  between  the  great  groups,  yet  it  is 
plain  that  they  resemble  each  other  much  more  closely  than 
do  the  invertebrate  groups.  Each  have  the  body  divided 
into  head  and  trunk,  and  the  latter  is  continued  into  a tail, 
short  or  long.  On  the  ventral  surface  of  the  head  is  the 
mouth ; the  head  contains  the  brain,  and  carries  nose,  eyes, 
and  ears.  The  trunk  has  never  more  than  two  pairs  of 
appendages,  corresponding  to  our  arms  and  legs.  The  body 
has  an  internal  bony  or  cartilaginous  endo-skeleton,  consist- 
ing of  a skull  or  brain-box  ; a vertebral  column,  the  upper 
part  of  which  is  traversed  by  the  spinal  cord,  the  great 
nervous  continuation  of  the  brain  into  the  body  ; a pectoral 

186 


M 


VERTEBRATES  AND  INVERTEBRATES  187 


girdle,  to  which  the  front  pair  of  limbs  are  attached  ; and  a 
pelyic  girdle,  bearing  the  hind  limbs.  In  all  the  vertebrates 
the  cavity  of  the  mouth  communicates  by  a straight  oesopha- 
gus with  a stomach,  from  which  an  intestine  passes  to  the 
anus  at  the  root  of  the  tail.  There  opens  into  the  intestine 
close  behind  the  stomach  the  duct  of  a large  organ,  the  liver, 
found  in  them  all ; the  front  part  of  the  alimentary  canal, 
immediately  behind  the  mouth,  is  specially  connected  with 
the  function  of  respiration.  In  fishes  four  or  five  slits  on  each 
side  of  the  neck,  the  gill-slits,  establish  a communication 
between  the  inside  of  the  alimentary  canal  and  the  exterior, 
and  blood-vessels  round  about  these  openings  pick  up  the 
supply  of  oxygen  for  the  whole  body  from  the  water  passing 
through  the  slits.  The  tadpoles  of  frogs  and  the  unborn 
young  of  reptiles  and  birds  and  mammals,  all  possess  these 
slits  in  the  side  of  the  neck  opening  into  the  alimentary  canal 
• behind  the  mouth.  The  blood  system  of  all  vertebrates  con- 
sists of  arteries  and  veins  connected  by  capillaries,  and  the 
blood  is  always  made  to  circulate  by  the  contractions  of  a 
muscular  heart  lying  below  or  ventrally  to  the  alimentary 
canal  in  the  front  part  of  the  body,  while  the  blood  itself  in 
them  all  consists  of  a colourless  fluid,  in  which  are  multitudes 
of  white,  amoeboid  corpuscles,  and  red  corpuscles  coloured 
by  a pigment,  haemoglobin,  which  serves  to  carry  the  oxygen. 
All  vertebrates  have  kidneys  to  remove  their  nitrogenous 
5 waste>  and  the  apertures  by  which  the  urine  is  discharged  are 
1 generally  closely  connected  with  the  reproductive  apertures 
and  lie  near  the  anus. 


' Minuter  investigation  of  the  anatomy  and  of  the  structure 
'/  of  the  cells  in  the  tissues  and  organs  similarly  shows  the  very 
close  resemblance  existing  among  vertebrates.  We  are  led 
to  the  conclusion  that,  while  there  are  many  great  types  or 
j classes  of  ccelomate  invertebrates,  of  which  the  earthworm 
and  its  allies  represent  one,  there  is  only  one  type  of  verte- 

I Vertebrates  are  larger,  and  being  more 

familiar  with  them,  we  know  the  differences  between  them 

I S°rrmtimfftey  ! but  When  We  comPare  them  with  the  less 
iamihar  differences  among  the  less  familiar  invertebrates  we 
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find  that  the  vertebrates  must  be  placed  in  one  class,  the 
invertebrates  in  many  classes. 

Taking  a class  such  as  the  vertebrates,  with  which  we  are 
all  more  or  less  familiar,  it  is  obvious  that  there  are  groups  in 
it  which  we  think  of  as  higher  or  lower  with  respect  to  each 
other.  Thus  birds  and  mammals  are  higher  than  reptiles, 
reptiles  than  amphibia,  amphibia  than  fish.  Below  fish,  there 
are  a number  of  small,  less  familiar  animals,  such  as  Amphi- 
oxus  or  the  lancelet,  Ascidians  or  sea-squirts,  and  Balano- 
glossus,  which  continue  the  vertebrate  chain  down  to  animals 
which,  taken  by  themselves,  would  pass  as  very  simple  in- 
vertebrates. A similar  condition  of  things  exists  among  the 
great  invertebrate  groups.  Common  animals  like  the  star- 
fish and  the  earthworm,  lobsters  and  crabs,  flying  insects, 
snails,  and  so  forth,  stand  near  the  top  of  a long  series 
of  animals,  the  lower  end  of  each  series  consisting 
usually  of  inconspicuous  simple  coelomate  forms.  Now 
to  understand  properly  the  resemblances  and  relationships 
among  these  great  groups,  it  is  necessary  not  simply  to 
compare  with  each  other  the  higher  forms,  like  star-fishes, 
earthworms,  crabs,  insects,  snails,  and  vertebrates,  but  first  to 
trace  downwards  each  separate  group  to  its  simplest  forms, 
and  then  to  compare  with  each  other  these  simplest  forms. 
Such  a task  forms  a great  part  of  the  science  of  comparative 
anatomy,  and  within  the  limits  of  an  elementary  course  of 
study  it  is  possible  to  do  little  more  than  to  form  an  idea  of 
the  method  by  which  correct  ideas  may  be  gained.  Between 
representatives  of  two  groups  of  coelomates  like  the  earth- 
worm and  the  dog-fish,  we  must  look  for  little  iu  common 
besides  the  simple  characters  common  to  all  coelomates. 

In  Chapter  XXI  we  have  dealt  with  the  common  characters 
of  coelomates  ; it  is  now  necessary  to  add  a further  state- 
ment, the  evidence  for  which  unfortunately  is  too  long  to 
be  given.  A particular  method  of  progressive  advance  of 
structure  is  common  to  all  the  great  groups  of  coelomates. 
The  simplest  animals  in  all  are  least  segmented  ; in  many 
cases  they  are  quite  unsegmented,  and  we  may  take  it  that 
the  first  or  primitive  stage  of  coelomates  is  unsegmented. 
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The  next  stage  of  advance  is  shown  by  a great  increase  of 
segmentation,  which  may  affect  the  whole  body  or  only 
parts  of  it,  or  which  may  affect  different  parts  or  organs  in 
different  degrees.  The  segmentation  of  the  skin  may  not  be 
exactly  the  same  as  that  of  the  coelome,  and  the  segmenta- 
tions of  these  may  be  different  from  the  segmentations  of  the 
nephridia,  blood-vessels,  genital  organs,  and  so  forth.  The 
third  stage  is  a condensation  of  the  segmentation  in  different 
regions.  The  most  familiar  instance  of  this  is  what  is  called 
cephalization.  Two  or  more  of  the  anterior  segments  may 
be  telescoped  together  at  the  anterior  end  to  form  a com- 
plicated and  condensed  part  of  the  body  called  the  head. 
Another  familiar  instance  of  this  process  we  shall  find  to  be 
the  condensation  of  a number  of  nephridia,  to  form  a kidney. 
Like  its  predecessor,  the  process  of  segmentation,  that  of 
condensation  may  affect  separate  series  of  structures  in 
different  regions  and  in  different  ways,  and  the  result  is  to 
produce  a number  of  general  and  misleading  resemblances 
between  higher  members  of  different  groups. 

In  the  light  of  these  general  considerations  we  may  sum 
up  the  relations  between  the  earthworm  and  verte- 
brates. 

The  earthworm  is  one  member  standing  near  the  head  of 
one  of  the  many  groups  of  invertebrate  coelomates.  It  has 
reached  the  second  stage  of  ccelomate  development  in  that  it 
is  very  highly  segmented,  and  there  is  little  or  no  trace  of  the 
third  stage,  the  stage  of  the  condensation  of  segments.  The 
locomotor  organs  are  not  limbs,  but  unjointed,  chitinoid  setm 
implanted  in  the  body  wall.  The  nervous  system  consists  of 
a pair  of  cerebral  or  prostomial  ganglia,  and  a paired,  solid, 
ganglionated  ventral  cord.  The  excretory  organs  consist  of 
nephridia  opening  into  the  body  cavity  by  a ciliated  funnel 
and  to  the  exteiior  by  an  external  pore  ; these  nephridia  are 
highly  segmented,  there  being  a pair  for  nearly  every  somite 
in  the  body.  The  genital  organs  show  much  less  trace  of 
segmentation. 

Vertebrates  from  fish  up  to  man  are  the  higher  representa- 
tives of  a single  group  of  coelomates,  of  which  the  lower 
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members  are  inconspicuous  coelomates  that  reveal  their 
vertebrate  affinities  only  after  minute  investigation.  Verte- 
brates are  highly  segmented  animals,  in  which  condensation 
of  segments  has  become  an  important  factor,  resulting 
notably  in  the  formation  of  a complicated  head,  and  of 
kidneys  formed  by  the  aggregation  of  many  nephridia. 
There  is  a well-developed  internal  skeleton,  consisting  of  a 
skull  with  movable  jaws,  a jointed  backbone  through  the 
arches  of  which  runs  the  spinal  cord,  two  pairs  of  limbs 
attached  to  pectoral  and  pelvic  girdles.  The  central  nervous 
system  is  hollow  and  unpaired,  and  lies  along  the  dorsal  side 
of  the  body,  and  is  expanded  in  front  into  a brain  lying 
within  the  head  and  connected  with  three  great  organs  of 
sense — the  nose,  the  eyes,  and  the  ears.  The  vascular 
mechanism  consists  of  a closed  system  of  veins,  arteries, 
and  capillaries,  through  which  the  blood  is  propelled  by  a 
ventrally  placed  contractile  heart.  The  blood,  in  addition 
to  amoeboid  corpuscles,  contains  numerous  red  corpuscles 
with  definite  outlines  and  containing  haemoglobin.  Associ- 
ated with  respiration  there  exists  always,  either  in  the  adult 
or  in  the  embryo,  a series  of  paired  slits  leading  from  the 
side  of  the  neck  into  the  alimentary  canal  behind  the  mouth. 
The  coelome  is  very  spacious,  and  the  genital  glands  arise  as 
paired  but  unsegmented  patches  on  the  dorsal  internal  wall 
of  the  coelome. 

The  type  common  to  the  lowest  members  of  the  groups  of 
which  the  earthworm  on  the  one  hand  and  the  vertebrates 
on  the  other  form  the  highest  examples,  is  a simple  unseg- 
mented ccelomate  animal,  bilaterally  symmetrical,  with  a 
dorsal  and  ventral  surface  and  anterior  end  at  which  lies  the 
mouth,  a posterior  end  where  is  the  anus.  The  lower  layer 
of  the  skin  consists  of  a continuous  sheath  of  nerve  cells  and 
fibres,  showing  a tendency  to  become  concentrated  at  the 
anterior  end  as  a brain  and  in  longitudinal  bands  along  the 
body.  These  are  ventral  in  the  earthworm,  dorsal  and 
tubular  in  the  vertebrate  group.  The  coelome  is  spacious 
and  contains  modified  patches,  which  give  rise  to  the  sexual 
cells.  The  excretory  organs  consist  of  nephridia  arranged 
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in  one  or  more  pairs,  and  open  into  the  coelome  by  ciliated 
funnels. 

The  differences  and  resemblances  which  characterize 
Vertebrates  and  Invertebrates  may  be  summarized  as 
! follows  : — 


RESEMBLANCES 

Invertebrates  Vertebrates 


All  above  the  lower  forms  are  triplo- 
blastic  and  coelomate. 

With  the  exception  of  a few  parasitic 
forms,  i.e.  tapeworm,  all  are  traversed 
longitudinally  by  a central  tube,  the 
alimentary  canal,  lined  by  endoderm 
throughout  most  of  its  length,  and 
opening  at  one  end  by  a mouth,  and 
! in  all  except  the  lower  forms  opening 
at  the  other  by  an  anus. 

In  all  coelomate  forms  the  gonads 
are  apparently  developed  from  the 
1 ccelomic  epithelium. 


All  are  triploblastic  and  coelomate. 

All  are  traversed  longitudinally  by 
a central  tube,  the  alimentary  canal, 
lined  by  endoderm  throughout  most 
of  its  length,  and  opening  at  one  end 
by  a mouth,  and  at  the  other  by  an 
anus. 


The  gonads  are  apparently  deve- 
loped from  the  ccelomic  epithelium. 


DIFFERENCES 

Invertebrates  Vertebrates 


The  skeleton  when  present  is  an 
exoskeleton  secreted  from  ectoderm. 


The  nervous  system  is  paired,  solid, 
and  usually  ventral  in  position  to  the 
gut. 

The  morphological  heart  is  dorsal 
" in  position  to  the  gut. 

It  the  blood  is  coloured,  the  colour 
tt  is  due  to  the  coloured  plasma.  The 
v corpuscles  are  colourless. 

The  ectoderm  is  single-layered  or 
| two-layered  and  does  not  form  a 
i stratified  epithelium. 

In  a large  number  of  groups,  at 
a<  one  period  or  another  of  development, 
the  ectoderm  is  ciliated. 

Except  in  a few  specialised  forms 
( Balanoglossus , Ctphalodiscus ) gill- 
1 slits  are  never  present. 


The  skeleton  is  mainly  an  endo- 
skeleton  formed  from  mesoderm. 
The  notochord  is  of  endodermic 
origin.  The  enamel  of  scales  and 
teeth  represents  an  exoskeleton 
homologous  to  that  of  invertebrata. 
The  exoskeleton  of  tortoises  and  of 
the  armadillo  is  inesodermic  in  origin. 

The  nervous  system  is  unpaired, 
tubular  and  dorsal  in  position  to  the 
gut. 

The  morphological  heart  is  ventral 
in  position  to  the  gut. 

The  plasma  is  pale  straw-coloured 
or  colourless.  The  majority  of  the 
corpuscles  are  coloured,  a small  per- 
centage being  colourless. 

The  ectoderm  (except  in  Am- 
phioxus ) is  a stratified  epithelium. 

Except  in  the  larva  of  Atnphioxus, 
the  ectoderm  is  never  ciliated. 

Gill-slits  which  may  function 
throughout  life  (Amphiexus,  fishes, 
and  a few  Amphibia)  or  are  present 
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A vertebral  column  is  never  present. 


only  in  embryonic  or  larval  stages 
(most  Amphibia,  all  Reptiles,  Birds, 
and  Mammals)  are  always  developed. 

In  all,  except  Amphioxus  and  the 
Lampreys,  in  which  it  is  represented 
only  in  a rudimentary  form,  a seg- 
mented vertebral  column  or  back- 
bone is  developed  and  forms  the  axis 
of  the  endoskeleton. 


CHAPTER  XXIV 


THE  DOG-FISH 

THE  dog-fish,  with  sharks  and  skates,  belongs  to  a 
group  of  powerful,  predacious,  active  fishes,  known 
as  Elasmobranchs.  One  of  their  leading  characters  is  that 
the  skeleton  is  composed  of  cartilage,  strengthened  in  parts 
by  a giitty  deposit  of  lime,  but  not  turned  into  true  bone. 
Typically  they  are  inhabitants  of  salt  water,  but  many  of 
them,  in  puisuit  of  prey,  enter  brackish  estuaries  or  rivers 
for  some  distance.  The  dog-fish  found  around  our  coasts 
belong  to  several  species  and  genera.  Scyllium  canicula , the 
larger  spotted  dog-fish,  and  Scyllium  catullus , the  lesser 
spotted  dog-fish,  are  distinguished  by  the  absence  of  a 
nictitating  membrane,  by  the  small  size  of  their  teeth  of 
which  several  rows  are  in  use  at  the  same  time,  each  tooth 
having  a long  middle  cusp  and  several  small  lateral  cusps 
Acanthias  vulgaris , the  spiny  dog-fish,  is  at  once  recognizable 
by  the  strong  spine  or  thorn  on  each  dorsal  fin.  The  teeth 
aie  small,  and  their  points  are  curiously  turned  aside,  so  that 
ie  inner  margin  forms  the  cutting  edge.  Mustelus  vulgaris 

eetraTsmall1100  Und’  ^ a nictitatinS  membrane  ; the 
.e  small,  very  numerous,  and  closely  packed  together 

sc pavement' which  is  L -ushl„°gCeer; 

quMUteoffouLTsh*' but£hchTen’  ,°n'y  deSlr°yin« 

fish  which  have  bfea  caught  n M r®  dama®“g  edible 

meshes  of  the  nets  TMv  ' T °r  entanSled  in  ‘he 

food,  their  flesh  like  tint  nf  hemseIves  near|y  useless  as 

excessively  tough  and  of  many  caimvorous  animals,  being 

Sexes  d f &tl'ong.  disagreeable  flavour.  The 

o C bCp‘lra  e’  and>  as  W1U  be  described,  the  males  and 

193 


194 


OUTLINES  OF  BIOLOGY 


females  can  be  distinguished  by  external  characters.  The 
eggs  are  large,  and  are  impregnated  within  the  body  of  the 
female.  In  Scyllium  they  are  laid  shortly  after  impregnation, 
enclosed  in  a horny  capsule  the  angles  of  which  are  pro- 
duced into  long  spirally  twisted  processes  which  serve  to 
anchor  them  to  seaweed  or  stones.  In  some  other  dog-fish, 
as  in  Mustelus , the  eggs  are  retained  within  the  body  of  the 
mother  until  the  adult  shape  has  been  reached,  and  the 
young  embryo  is  nourished  from  the  blood  of  the  mother 
by  means  of  a tuft  of  blood-vessels  not  dissimilar  to  the 
placenta  of  mammals.  The  eggs  of  these  dog-fishes  contain 
little  food-yolk  ; the  eggs  of  others  contain  so  much  that  the 
young  dog-fish,  even  when  it  has  escaped  from  the  capsule 
and  swims  about  upon  its  own  account,  carries  the  remains 
of  the  yolk  in  a small  sac  attached  by  a short  stalk  to  the 
ventral  wall  of  the  abdomen. 

The  following  description  applies  specially  to  Scyllium 
canicula , the  most  common  dog-fish,  but  except  in  external 
characters  it  will  serve  equally  well  for  the  spiny  dog-fish  or 
for  the  smooth-hound. 

Dog-fish  about  two  feet  long  are  most  convenient  for 
dissection.  This  should  be  done  upon  a wooden  board  with 
a small  raised  rim.  The  characters  of  the  skeleton  should 
be  examined  on  a specimen  prepared  by  immersing  a fresh 
fish  in  nearly  boiling  water  for  a few  minutes,  and  then 
scraping  or  brushing  the  soft  parts  away.  This  skeleton 
must  be  kept  in  spirit,  as,  if  allowed  to  dry,  it  becomes  hope- 
lessly distorted. 

External  Characters. — The  body  is  elongated,  and  bi- 
laterally symmetrical.  It  is  broadest  about  the  level  of  the 
pectoral  fins,  where  it  is  Battened  dorso-ventrally,  and  ends 
in  front  in  a rounded  blunt  snout.  The  hinder  part  is  com- 
pressed laterally,  and  tapers  to  the  end  of  the  long  slender 
tail,  the  last  two  or  three  inches  of  which  are  bent  up  at  an 
angle.  The  general  colour  is  a pale  grey,  spotted  on  the 
sides  and  back  with  black  and  brown,  and  lighter  on  the 
ventral  surface.  Along  each  side  runs  a barely  perceptible 
shallow  groove,  the  lateral  line,  and  on  the  head  are  a 
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number  of  minute  openings  arranged  symmetrically.  These 
lead  into  branching  tubes,  from  which  mucus  can  be  pressed 
out,  and  which,  like  the  lateral  line,  contain  sensory  organs. 
They  are  supplied  by  branches  of  the  fifth  and  seventh 
nerves. 

There  are  two  sets  of  fins,  each  consisting  of  flattened 
outgrowths  supported  by  an  external  cartilaginous  skeleton. 
The  median  or  unpaired  fins  consist  of— (1)  Dorsal  fins, 
a large  anterior  fin  about  the  middle  of  the  length  of  the 
body,  and  a small  posterior  fin  some  distance  behind.  (2) 
A Yentral  fin,  opposite  the  interval  between  the  dorsals. 
(3)  A caudal  fin,  forming  a fringe  round  the  tail,  cut  off 
sharply  at  the  tip,  and  on  the  ventral  side  divided  into  a 
small  posterior  and  a large  anterior  lobe.  These  caudal  fins 
give  the  tail  of  elasmobranch  fishes  a characteristic  shape 
known  as  heterocercal,  and  notably  different  from  the  tail 
of  bony  fishes  like  the  herring  or  salmon,  in  which  the  tail 
fin  is  symmetrical  above  and  below  the  middle  line. 

The  paired  fins  correspond  to  the  fore  and  hind  limbs  of 
higher  animals.  Those  of  the  pectoral  pair  project  out  from 
the  ventral  side  of  the  body  behind  the  head.  The  pelyic 
fins  are  much  smaller,  and  are  placed  on  the  ventral  side  of 
the  body  some  distance  behind  the  front  pair.  Their  inner 
borders  are  close  together,  and  are  partially  fused  in  males. 
In  the  males,  also,  close  to  the  pelvic  fins,  and  developed 
from  their  inner  borders,  are  a pair  of  stout  rod-like  pro- 
cesses, pointed  at  the  ends  and  projecting  backwards  These 
are  copulating  organs,  called  “claspers,”  and  along  their 
mner  dorsal  edge  a deep  groove  runs  into  a blind  sac  under 
the  skin  of  the  ventral  surface. 

The  tail  fin  is  the  chief  organ  of  locomotion  in  fishes 

fte  fisT  the  S/r  Chiefly  t0  >’lesCTre  ‘he  balance  of 
the  fish  , the  paired  fins  assist  in  balancing,  and  are  used  also 

to  turn  and  guide  the  motions  of  the  fish 

External  Apertures—The  mouth  is'  a large,  curved  slit 

Intending  across  the  ventral  side  of  the  body  a^hort  distance 

rom  the  anterior  end.  The  cloacal  aperture  is  also  medTan 

md  hes  on  the  ventral  side  between  the  pelvic  fins  I Us  ft  ’ 
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external  opening  of  a small  chamber,  the  cloaca,  into  which 
open  the  intestine,  the  ducts  of  the  kidneys  and  of  the 
genital  organs. 

The  nostrils  are  a pair  of  large  circular  apertures  on  the 
ventral  side  of  the  head  in  front  of  the  mouth,  and  connected 
with  that  by  wide  grooves  covered  by  flaps  of  skin. 

The  spiracles  are  a smaller  pair  of  apertures  on  the 
dorsal  side  of  the  head  just  behind  the  eyes  ; they  open 
into  the  cavity  of  the  mouth.  They  are  vestiges  of  gill- 
clefts. 

The  gill-slits  are  a set  of  five  vertical  slits  on  each  side 
of  the  neck,  beginning  immediately  below  and  behind  the 
spiracle,  which  itself  is  in  reality  an  interior  gill-slit  much 
reduced  in  size.  Each  gill-slit  communicates  with  the 
pharynx  immediately  behind  the  mouth-cavity,  and  during 
life  water  taken  in  through  the  spiracles  is  passed  out 
through  the  gill-slits. 

The  abdominal  pores  are  a pair  of  minute  apertures, 
lying  one  on  each  side  of  the  cloaca.  They  open  directly 
into  the  coelome. 

The  Scales  and  Teeth.— The  whole  external  surface  ot 
the  body  is  covered  by  small,  sharp-pointed  scales,  which 
may  be  felt  by  passing  the  finger  from  behind  forwards 
along  the  surface.  Where  the  skin  bends  over  to  form 
the  linin^  cavity  of  the  mouth  the  scales  covering  the  javv 
are  much  enlarged  to  form  teeth.  The  spines  of  the  spiny 
dog-fish  are  enlarged  scales.  A small  piece  of  the  skin  0 
the  common  dog-fish  should  be  boiled  in  caustic  potash 
solution  to  dissolve  away  the  fleshy  matter  and  isola  e 
scales  These,  examined  under  the  microscope  in  glyceiine, 
may  be  seen  to  consist  of  a four-lobed  bony  base  which 1 vvas 
embedded  in  the  skin,  and  a backwardly-directed  bony  spine, 

tiPThe  ^keletom— As  the  skeletons  of  all  vertebrates  are 
built  upon  the  same  ground-plan,  and  as  the  skdeon 
the  dog-fish  exhibits  a comparatively  simple  conditio 
this  it  is  of  great  importance  to  grasp  the  general  feat  ■ 
Even  in  a soft-bodied  animal  like  the  earthworm  ther 
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present  a considerable  amount  of  connective  tissue,  forming 
partitions  and  supporting  membranes  between  the  muscle 
layers  and  muscle  bundles.  Such  a tissue  is  really  in 
function  skeletal,  or  supporting ; and  very  early  in  the 
development  of  all  vertebrates  a considerable  amount  of 
skeletal  tissue  appears  in  the  shape  of  connective  tissue 
cells,  which  migrate  in  between  the  organs  and  layers  and 
form  a general  supporting  framework.  But  in  the  case 
of  the  veitebiates  the  name  skeleton  is  specially  associated 
with  supporting  structures  developed  in  connexion  with 
the  special  features  of  vertebrate  structure.  These  are, 
hrst,  the  skull,  which  supports  and  surrounds  the  brain  • 
second,  the  vertebral  column,  or  backbone,  which  lies 
immediately  under  the  spinal  cord  or  dorsal  nervous  tube  ; 

arches,  which  support  the  gill-slits  ; 
ourth,  the  skeleton  of  the  front  and  hind  pairs  of  limbs. 

ih*JnAdd] l l°nlt0  thls  specialization  of  skeletal  tissue  in 
hese  different  places,  changes  in  the  nature  of  the  skeletal 

he/°reC‘iVe  “SSUe  may  be  diff«entiated 
nto  cartilage,  and  the  cartilage  may  be  strengthened  by 

ZdrTT°n  °f  calcareo,ls  particles.  The  skeleton  of  the 

animal  thT  “n  ^ bey°"d  th‘S  conditi°".  but  in  higher 

bo  ™ lge  ”ay  replaced  by  true  bone'  True 

membranes  osf  “i””1  direC“y’  in  connective-tissue 
embianes,  as  happens  in  the  case  of  the  bony  plates  which 

“ rh  ot  « Bofy 

cartilage  bones,  and  most  thTtones'of  hTrt  “*  “"f 
are  instance^;  nf  tn,-o  1 r “e  cones  of  higher  animals 

laid  down  dhrectly  i^meml?  £°rmati°n'  B°nes  are 

and  these  are  called  membrane  bones, 

animals.  101  part  of  lhe  skeleton  of  higher 

embryo  there^fs1  fom”"  f,™,  Backbone---In  a dog-fish 
alimentary  canal  a lonrr  i t m * 16  ^or-sa^  wall  of  the 
between  the  alimentary  r°C'  "hich  Ues 

extending  from  below  the  hind  part  IfVT”3  SyStem’ 
posterior  end  of  the  bodv  ti  • P f f the  brain  to  the 
6 body-  Tins  rod  is  the  notochord,  and 
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is  the  foundation  of  the  backbone  in  all  vertebrates  and  the 
only  representative  of  the  backbone  in  the  members  of  the 
vertebrate  group  lower  than  fishes.  In  the  dog-fish  and  all 
higher  animals,  the  notochord  is  very  quickly  surrounded 
by  a condensation  and  concentration  of  skeleton-forming 
cells,  which  give  rise  to  a sheath,  such  as  form  the  whole 
skeleton  in  simpler  animals,  and  it  is  from  this  sheath  that 
the  actual  backbone  is  formed  by  a series  of  segmentally 
arranged  thickenings  (Fig.  45).  In  the  dog-fish  this  sheath 

of  the  notochord  is  cartilagi- 
nous, and  its  anterior  portion 
gives  rise  to  the  posterior  part 
of  the  skull,  while  in  the  body 
it  becomes  divided  transversely 
into  segments  which  are  the 
centra,  or  bodies  of  the  verte- 
brae. Above  the  centra,  neural 
arches  are  formed  and  sur- 


H 

nr 


round  and  protect  the  nervous 
tube,  while  below  them,  in  the 
hinder  part  of  the  body  and 
tail,  haemal  arches  and  ribs 

Fig.  45.  — Longitudinal  vertical  partly  enclose  the  body  cavity, 
section  of  three  stages  of  develop-  By  this  process  of  segmenta- 
ment  of  vertebrae  from  the  cartila-  . j back5one  consisting 
ginous  sheath  of  the  Notochord.  , 

Cartilage,  dotted ; chord,  black.  I.  of  a series  of  vertebrae,  is 
Continuous  sheath,  chord  uncon-  formec|  The  simplest  verte- 
stricted.  II.  Sheath  ^segmentally  ’ . ' ...  /vi(} 

thickened,  notochord  constricted,  brae  are  seen  in  the  tail  (r  Ia. 
III.  Further  stage;  the  segmental  .51  Each  consists  of  a C6n- 

S^ve«=,Ld"P'nCd  “ form  trum,  through  which  runs  the 

notochord,  a dorsal  arch,  with 
a dorsal  spine  above,  forming  the  neural  canal  through  which 
runs  the  nerve  tube,  and  a ventral  or  haemal  arch,  also  with 
a spine,  enclosing  the  body  cavity,  which  in  the  region  of 
the  tail  is  minute.  Further  forward  in  the  body  the  haemal 
arches  are  not  complete  ; the  processes  which  in  the  tail 
meet  to  form  these  arches  stand  out  at  right-angles  to  the 
line  of  the  backbone  and  are  termed  transverse  processes. 
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To  the  end  of  each  transverse  process  a short  cartilaginous 
rib  is  attached. 

To  understand  the  structure  of  the  backbone  it  is  necessary 
to  cut  transverse,  longitudinal,  and  horizontal  sections 
through  various  parts  of  it.  It  will  then  be  seen  that  the 
notochord  runs  continuously  through  the  whole  column, 
but  that  it  is  much  constricted  where  it  passes  through  the 
centre  of  each  of  the  centra,  and  is  much 
expanded  between  them.  Thus,  if  the 
column  be  cut  through  along  the  length 
of  two  vertebrae,  the  soft  notochord  may 
easily  be  brushed  out,  and  it  can  then  be 
seen  that  the  ends  of  the  cartilaginous 
vertebrae  are  deeply  hollowed  out  where 
they  meet  each  other.  Such  vertebrae 
are  known  as  biconcave,  and  examples 
of  them  are  familiar  to  us  all  in  the  back- 
bones of  common  bony  fish  like  herrings 
or  salmon.  Vertebrae  which  possess 
biconcave  centra  are  said  to  be  of  amphi- 
coelous  type.  The  successive  centra  are 
united  to  each  other  by  intervertebral 
rings  of  connective  tissue.  The  whole 
of  the  cartilage  of  the  centra  is  hardened 
by  deposits  of  lime,  but  the  deposit  is 
denser  towards  the  inside.  In  many 
cartilaginous  fish  the  highly  calcified 
portions  of  the  centra  form,  in  trans- 
verse section,  a regular,  usually  X-shaped, 
pattern. 

The  neural  arches  (Fig 


Fig.  46. — Diagram  ot 
caudal  vertebra.  Noto- 
chord, black  ; cartilage, 
dotted.  CEN.  Centrum, 
p.  Dorsal  arch,  contain- 
ing N,  spinal  cord.  H. 
Hasmal  arch,  containing 
C,  coelome. 


47)  are  complicated.  Their 


bases  are  formed  by  the  neural  processes,  blunt  pieces  pro- 

nei  rn?  T”  the.centra  at  each  side.  Firmly  fused  to  each 
pro“ss  a verteb>'al  neural  plate,  considerably 
, tha“  the  neural  process  and  the  centrum,  and 

root  of  the'  * P°1e'i0r  b°,der  f°r  the  passaSe  of  the  eenb'al 

p“eted  aboveTn3i  TVe  (Fig'  47’  e)'  The  arches  are  com_ 
1 above  by  short  neural  spines  (Fig.  47,  k).  But  these 
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are  not  arranged  so  as  to  give  one  for  each  centrum,  but, 
with  the  exception  of  occasional  irregularities,  there  are  two 
spines  for  each  centrum,  and  these  meet  each  other  opposite 
the  middle  of  the  centrum.  Finally,  there  are  irregular 
hexagonal  plates,  the  intervertebral  neural  plates  (Fig. 
47,/),  wedged  in  between  the  vertebral  neural  plates  opposite 


Fig.  47. — Lateral  view  of  skull  of  dog-fish.  N.C.  Nasal  capsule.  A.C. 
Auditory  capsule,  a.  Orbital  grooves  lodging  ophthalmic  branches  of  fifth 
and  seventh  nerves,  b.  Inter-orbital  canal,  c.  Post-orbital  groove,  f.  Inter- 
vertebral neural  plate,  k.  Neural  spine.  1.  Centrum  with  vertebral  neural 
plate  above  it.  d.  Pharyngo-branchial.  m.  Extra-branchial,  n.  Epibran- 
chial.  0.  Ceratobranchial.  p.  Hyomandibular.  r.  Cerato-hyal.  s.  Prespira- 
cular  ligament,  t.  Upper  jaw.  u.  Lower  jaw.  x.  Ethmopalatine  ligament. 
Nerve  Foramina.  II.  Optic.  III.  Third  nerve.  IV.  Fourth  nerve.  V.  Main 
branches  of  fifth  and  seventh,  and  the  sixth  nerve.  V.o  Ophthalmic  branch  of 
fifth  nerve.  VII.o  Ophthalmic  branch  of  seventh.  IX.  Ninth  nerve,  e.  Ven- 
tral root  of  spinal  nerve,  h.  Dorsal  root. 

the  intervertebral  intervals,  and  which  are  not  fused  to  the 
centrum.  The  posterior  border  of  each  is  notched  for  the 
dorsal  roots  of  the  spinal  nerves  (Fig.  47,  /;). 

The  skull  of  the  dog-fish  remains  cartilaginous  throughout 
life.  It  consists  of  a shallow  oblong  brain  case  or  box, 
open  behind,  where  the  brain  passes  into  the  spinal  cord, 
incomplete  and  roofed  over  only  by  the  outer  skin  in  two 
regions  above.  This  box  encloses  the  brain.  The  carti- 
laginous olfactory  capsules,  containing  the  nasal  organs,  are 
fused  with  it  in  front  on  each  side  of  the  middle  line,  and  the 
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similar  auditory  capsules,  containing  the  organs  of  hearing, 
are  fused  on  to  each  side  of  it  behind.  The  optic  capsules 
or  sclerotic  coats  of  the  eyeball  lie  between  the  olfactory  and 
auditory  capsules  on  each  side,  and  are  not  fused  with  the 
brain  case.  The  brain  case  articulates  with  the  vertebral 
column  behind,  and  the  jaws  and  gill-arches  are  suspended 
below  both. 


The  ventral  surface  of  the  skull  is  formed  of  a long  flat 
unsegmented  plate  of  cartilage  called  the  basi-cranium. 
The  tip  of  the  notochord  lies  embedded  in  the  posterior  part 
of  this.  On  each  side  of  it  there  project  backwards  two 
rounded  occipital  condyles  which  articulate  with  the  cen- 
trum of  the  anterior  vertebra.  In  front,  the  basi-cranium 
terminates  in  a narrow  pointed  bar  of  cartilage  lying 
between  the  olfactory  capsules. 

The  dorsal  surface  of  the  skull  shows  in  front  the  thin- 
walled  roofs  of  the  olfactory  capsules.  These  are  separated 
by  the  internasal  septum,  a thiiTwall  of  cartilage.  The 
apertures  of  the  nasal  capsules  are  on  the  ventral  surface, 

Frln  PPf  ?/i  ed  by  a number  of  slender  nasal  cartilages. 

om  each  olfactory  capsule  a bar  of  cartilage  runs  forwards 
downwaix13,  and  inwards,  until  the  two  meet  at  a point  with 
e anterior  end  of  the  base  of  the  skull.  This  three-legged 

thTv^ig  PieCe,°f  thG  SkLlU  iS  termed  the  rostrum.  Behind 
hum  and  partly  between  the  nasal  capsules  is  the 
anterior  fontanelle.  This  is  an  incomplete  portion  of  he 

by  a ^ b°X-  D ^ closed 

7u  o2 

» oi  tL  Lt  ^ 

hang  the  orbits  like  eaves  rbltal  crests>  which  over- 

and  to  the  outer  side  of  the  ? • C lc°0i  tlle  skull>  behind 
small  apertures  tt  <1  “‘“T  f°ntanelle>  a pair  of 
Through  them  pass  the  n °r  tbe  °Pbthalmic  nerves. 

seventh  nervTsTn  thdr  btaochea  °f  the  * * and 

tributed  to  the  surface  of  H !r°m  Ule  °rbit  to  be  dis' 

-he  anterior  fontanelle  the  T ° factory  caPsules.  Behind 
atanelle  the  surface  of  the  skull  widens  rather 
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suddenly  in  the  region  between  the  auditory  capsules. 
There  is  here  a depression  in  which  lie  two  small  apertures, 
the  entrances  to  a canal,  the  aqueductus  vestibuli,  leading 
into  the  internal  ear. 

Between  the  nasal  and  auditory  capsules  the  side  of  the 
skull  is  occupied  by  the  orbit,  a large  oval  concavity  in 
which  lies  the  eyeball  and  its  muscles.  The  orbit  is  really  a 
large  orbital  blood  sinus.  The  orbito-nasal  foramen  is  a 
small  round  hole  just  within  the  orbit  at  its  anterior  inferior 
angle  ; through  it  the  veins  of  the  fore  part  of  the  head  and 
d.f  the  snout  pass  to  the  orbital  sinus. 

The  aperture  of  the  inter-orbital  canal  is  a small  round 
hole,  the  nearest  to  the  lower  border  of  several  lying  in  the 
posterior  part  of  the  orbit.  The  canal  passes  through  the 
base  of  the  skull  and  by  means  of  it  the  orbital  sinuses  of  the 
two  sides  are  in  communication.  From  the  hinder  end  of 
the  orbit  a deep  post-orbital  groove  passes  back  near  the 
lower  margin  of  the  skull.  It  lodges  a large  venous  sinus 
through  which  the  blood  from  the  orbital  sinus  passes  to  the 
anterior  cardinal  sinus.  Under  this  groove  is  a large  concave 
depression,  the  articular  surface  for  the  hyomandibular 
cartilage. 

To  see  the  posterior  face  of  the  skull  it  must  be  disarti- 
culated from  the  vertebral  column.  The  foramen  magnum 
is  the  large  round  hole  by  which  the  brain  communicates 
with  the  spinal  cord.  Below  it  in  the  middle  line,  lies  the 
notochord,  and  on  each  side  of  this  lie  the  occipital  condyles, 
two  rounded  prominences  which  articulate  with  the  first 
vertebra.  The  posterior  extremity  of  the  skull  corresponds 
to  a vertebra  : the  lower  part,  containing  the  notochord  and 
bearing  the  condyles,  represents  the  centrum  ; the  ring  of 
cartilage  surrounding  the  foramen  magnum  represents  the 
neural  arch. 

During  the  development  of  the  skull,  holes  are  left  in  the 
cartilage  through  which  the  cranial  nerves  pass  out  from  the 
brain.  The  position  of  these  nerve  foramina  is  important, 
and  should  be  studied  both  in  the  prepared  skull  and  in 
connexion  with  the  dissection  of  the  nerves.  They  are 
paired,  and  those  of  one  side  only  are  described. 
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I.  The  foramen  of  the  olfactory  nerve  is  a large  aperture 
in  the  posterior  wall  of  the  nasal  capsule,  which,  during  life, 
is  closed  by  a fenestrated  membrane. 

II.  The  foramen  for  the  optic  nerve  is  the  most  anterior 
of  the  large  holes  in  the  hinder  part  of  the  orbit.  It  lies 
near  the  lower  border,  almost  exactly  in  the  middle  of  the 
orbit. 

III.  The  foramen  for  the  third  nerve  is  a small  hole  in 
the  orbit  a little  above  the  optic  foramen,  and  half-way 
between  it  and  the  posterior  end  of  the  orbit. 

IV.  The  foramen  for  the  fourth  nerve  is  a small  hole  near 
the  dorsal  edge  of  the  orbit  almost  vertically  above  the  optic 
foramen. 


V.,  VI.,  and  VII.  The  foramen  for  the  principal  branches 
of  the  fifth  and  seventh  nerves,  and  for  the  sixth  nerve,  is  a 
large  hole  in  line  with  the  optic  foramen,  near  the  posterior 
edge  of  the  orbit.  The  ophthalmic  branches  of  the  fifth  and 
seventh  nerves  leave  the  skull  by  separate  holes  ; two  grooves 
run  along  the  upper  part  of  the  orbit ; the  lower  groove  ends 
behind  in  a small  hole  which  is  the  foramen  for  the  oph- 
thalmic branch  of  the  fifth  nerve  ; the  upper  groove  similarly 
ends  in  the  foramen  for  the  ophthalmic  branch  of  the 
seventh.  These  grooves  meet  in  front  and  terminate  in  a 
hole  by  which  the  ophthalmic  branches  leave  the  orbit  to 
emerge  upon  the  surface  of  the  skull. 

VIII.  The  auditory  nerve  enters  the  auditory  capsule 
through  a hole  in  its  inner  wall. 


IX.  The  foramen  for  the  glossopharyngeal  nerve  is  at  the 
hinder  end  of  the  post-orbital  groove. 

• ^ Ihe  foranien  for  the  pneumogastric  or  vagus  nerve 
is  at  the  side  of  the  foramen  magnum,  below  and  to  the 
inner  side  of  the  posterior  end  of  the  auditory  capsule 


The  Visceral  Arches 

form  pH  6 Gmbry°  fd°g'fish’  soon  after  the  giU-slits  have  been 

he  ventiT^8  CartUaginou3  hoops  or  arches  encircling 
ventral  side  appear,  between  them  and  gives,  rise  to  the 
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jaws,  and  to  the  hyoid  and  branchial  arches.  The  first 
arch  by  segmentation  gives  rise  to  the  lower  and  upper  jaws. 
The  upper  jaw  is  really  an  outgrowth  from  this  arch,  which 
becomes  constricted  off  from  it.  In  front  of  this  embryonic 
first  arch  is  the  mouth,  and  behind  it  the  spiracle.  The 
second  arch  forms  the  hyoid  arch,  behind  which  is  the  first 
gill-cleft.  Then  follow  five  branchial  arches  with  the 
remaining  four  gill-clefts  between  them,  so  that  each  gill-slit 
has  an  arch  in  front  and  behind. 

The  first,  or  mandibular  arch,  is  greatly  modified  in  the 
adult  condition.  The  upper  part  of  the  arch  at  each  side 
is  represented  by  the  prespiracular  ligament,  a strong 
fibrous  band  containing  a nodule  of  cartilage.  This  band  is 
attached  above  to  the  anterior  border  of  the  auditory  capsule, 
and  below  to  a ligament  uniting  the  angles  of  the  upper  and 
lower  jaws  to  the  hyomandibular  segment  of  the  hyoid  arch. 
The  upper  jaw  or  palato-pterygoid  cartilage  is  formed  of 
two  curved  bars  which  are  united  by  ligament  to  each  other 
in  front,  and  which  are  firmly  attached  by  ligaments  to  the 
front  part  of  the  base  of  the  skull  between  the  orbits  and  the 
nasal  capsules.  The  posterior  ends  of  the  upper  jaw  are 
attached  by  ligament  to  the  lower  jaw  and  to  the  hyoman- 
dibular arch.  The  lower  parts  of  the  embryonic  first  bar  are 
represented  by  two  flattened  bars  of  cartilage  called  Meckel’s 
cartilages,  which  are  united  by  ligament  in  front  and  form 
the  lower  jaw,  and  which,  for  the  greater  part  of  their 
dorsal  border,  bear  teeth.  The  upper  and  lower  jaws  move 
on  each  other  by  rounded  articular  surfaces.  The  greater 
part  of  the  lower  border  of  the  upper  jaw  bears  teeth. 
The  dog-fish’s  skull  represents  a particular  type.  It  is  char- 
acterized by  the  upper  jaw  not  being  fused  with  the  skull 
and  by  the  articulation  of  both  jaws  with  the  hyoid  arch 
behind.  Such  a type  of  skull  is  termed  Hyostylic. 

The  second,  or  hyoidean  arch,  consists  of  a pair  of  rods 
articulating  to  the  skull  above,  and  with  their  ventral  ends 
connected  by  a median  plate  of  cartilage.  The  upper  end  of 
each  side  consists  of  a stout  bar  of  cartilage,  the  hyoman- 
dibular, which  articulates  with  a concave  surface  on  the  side 
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of  the  skull  near  the  hinder  end  and  immediately  below  the 
post-orbital  groove.  This  bar  is  called  the  suspensorium, 
because  it  is  the  chief  means  by  which  the  jaws  are  attached 
to  the  skull.  The  outer  end  of  the  hyomandibular  articulates 
with  the  second  part  of  the  arch,  the  ceratohyal.  This  is  a 
slender  bar  of  cartilage  running  forwards  and  inwards  on  the 
floor  of  the  pharynx.  The  posterior  faces  of  these  two  parts 
of  the  second  arch  bear  gill-rays,  cartilaginous  bars  which 
support  the  gills.  The  basi-hyal  is  a broad  ventral  plate  of 
cartilage  which  lies  forwards  in  the  middle  of  the  floor  of 
the  pharynx  and  connects  the  inner  and  lower  ends  of  the 
cerato-hyals. 

The  five  succeeding  branchial  arches  diminish  in  size 
from  before  backwards.  Each  is  divided  into  four  segments 
at  each  side.  The  pharyngobranchials  form  the  dorsal 
elements.  The  epibranchials  come  next,  and  form  the 
outermost  pieces  of  the  arches.  The  ceratobranchials  form 
the  greater  portion  of  the  arches  on  the  ventral  surface. 
The  hypobranchials,  which  are  turned  forwards  and  con- 
nected with  the  hyoid  in  the  first  arch,  form  the  ventral 
median  ends  of  the  arches. 

T.  he  basibranchial  is  a median  plate  in  the  posterior  part 
of  the  ventral  floor  of  the  pharynx,  connected  with  the  hypo- 
branchials of  the  third  arch.  It  represents  the  fusion  of 
the  two  pairs  of  hypobranchials  belonging  to  the  fourth  and 
fifth  arches  into  a single  cartilage.  The  pharyngobranchials 
of  the  fourth  and  fifth  arches  are  also  fused  together  but 
only  partially. 

The  exact  shape  and  modes  of  fusion  of  the  different 
branchial  elements  in  the  dog-fish  are  of  no  importance 

filpSS  °pe  18  S,tu,dy7§  the  anatomY  of  a number  of  different 
fishes.  For  while  the  elements  of  the  branchial  arches  are 

differ  wide^-°St  ^ ^ °f  ^ment  and  shape 

th^hindmost  ej^branchlals.6  Ceratob“ls.  but 

,rh?  e^tra-branchials  are  three  pairs  of  curved  rods  lying 
outside  the  third,  fourth,  and  fifth  branchial  arches  } § 
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Skeleton  of  the  Fins 


The  pectoral  girdle  is  a flattened  hoop  of  cartilage  partly 
lying  on  the  ventral  surface  immediately  under  the  heart,  its 
anterior  dorsal  surface  being  hollowed  out  to  receive  the 
ventricle.  The  outer  border  of  each  side  bears  three  articular 
facets  closely  set  together,  to  which  the  cartilages  of  the  fin 
are  attached.  These  articular  surfaces  divide  the  girdle  into 
a median  ventral  portion,  which  may  be  called  the  coracoid, 
and  upper  or  dorsal  free  ends  extending  towards  the  back- 


Fig.  48. — Pectoral  and  pelvic  girdles  of  dog-fish  with  fins  ; cartilage  dotted. 
Pectoral  girdle : S.  Scapular  region  and  supra-scapular.  C.  Coracoid  regions 
united  ventrally.  A.  Glenoid  articulation.  B.  Three  basal  cartilages.  F.  Fin. 
Pelvic  girdle : IL.  Iliac  region.  I.P.  Ischio-pubic  regions  united  ventrally. 
A.  Acetabulum.  B.  Basal  cartilage.  CL.  Claspers.  F,  F.  Fins. 

bone  but  not  meeting  it,  and  which  may  be  called  the 
scapular  portions.  The  pointed  terminations  of  these  parts 
may  be  termed  the  supra-scapular  portions. 

The  skeleton  of  the  fin  consists  of  three  basal  cartilages 
articulating  with  the  girdle,  and  a number  of  closely  set 
cartilaginous  fin-rays  radiating  out  from  the  ends  of  the 
basal  cartilages.  The  outer  border  of  each  fin  is  supported 
by  closely  set  horny  fibres,  called  the  dermal  fin-rays. 
These  are  embedded  between  the  two  layers  of  the  skin 
and  so  are  not  shown  in  the  Figs.  Each  of  the  three 
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basal  cartilages  is  named  separately.  The  inner  larger  one 
is  the  metapterygium,  the  middle  one  is  the  mesopterygium, 
and  the  smallest  outer  cartilage  is  the  propterygium. 

The  pelvic  girdle  is  much  smaller  and  simpler  than  the 
pectoral  girdle,  and  is  placed  a short  distance  in  front  of  the 
cloaca.  It  is  divided  into  upper  and  lower  regions  by  the 
articular  surface  for  the  fins.  The  upper  or  iliac  portions 
are  excessively  short,  and  have  hardly  any  curve  upwards. 
The  ventral  or  ischio-pubic  portions,  like  the  coracoid 
regions  of  the  anterior  girdle,  are  fused  together  in  the 
middle  line. 

The  skeleton  of  the  pelvic  fins  consists  of  a stout  curved 
rod,  the  basal  cartilage  or  basipterygium,  articulating  with 
the  girdle  at  one  end  and  lying  along  the  inner  edge  of  the 
fin.  On  its  outer  surface  it  bears  a number  of  cartilaginous 
fin-rays,  the  anterior  one  or  two  of  which  may  articulate 
directly  with  the  pelvic  girdle. 

In  the  male  a stout  jointed  rod  of  cartilage,  the  skeleton 
of  the  clasper,  articulates  with  the  posterior  end  of  the  basal 
rod  of  each  fin. 


Dissection  of  the  Viscera 

The  dog-fish  must  be  laid  on  its  back  on  a dissecting 
board,  and  pinned  down  through  the  fins.  The  pectoral 
and  pelvic  girdles  can  be  felt  through  the  skin,  each  girdle 
being  situated  a short  distance  in  front  of  the  pair  of  fins 
attached  to  it.  The  abdominal  cavity  must  be  opened  by  a 
median  ventral  incision  through  the  skin  and  underlying 
muscles,  reaching  from  behind  the  pectoral  girdle  to  the 
pelvic  girdle.  Incisions  at  right  angles  to  the  first  cut  must 
)e  made  as  close  as  possible  to  the  posterior  margin  of  the 
pectoral  girdle,  and  the  flaps  so  formed  must  be  pinned  back 

be  pS  Ah  CXPOhSe  t!u  CaVity  Widdy-  The  Pelvic  gh'dle  n^st 
be  cut  through  in  the  middle  line,  and  the  incision  continued, 

i tie  to  the  right  of  the  middle  line,  to  the  level  of  the 

Ara-aiAhUr?-  IhiS  iS  the  m°st  convenient  method  of 
- dissecting  the  dog-fish,  but  if  the  student  has  opportunity  it 

is  useful  to  dissect  a second  fish  from  the  right  or  left  side, 
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in  order  to  obtain  a lateral  view  of  the  arrangement  and 
position  of  the  viscera. 

The  abdominal  cayity,  in  which  are  contained  the  greater 
part  of  the  viscera,  is  the  chief  division  of  the  coelome  in  the 
adult,  and  the  only  part  in  the  posterior  division  of  the  body. 
In  front,  the  coelome  is  represented  by  the  pericardium, 
which  contains  the  heart,  and  the  two  parts  of  the  coelome 
communicate  by  a small  median  pericardio-ccelomic  canal. 
Posteriorly,  the  body  cavity  usually  communicates  with  the 
exterior  by  the  small  abdominal  pores,  but  these  occasionally 
are  blind  sacs,  and  are  not  known  to  be  of  any  physiological 
importance.  The  coelome,  then,  is  practically  a closed  cavity,' 
and  unlike  the  body  cavity  of  the  worm,  contains  only  a very- 
small  quantity  of  serous  fluid,  devoid  of  corpuscles.  The 
cavity  is  lined  internally  by  the  peritoneum,  or  ccelomic 
epithelium,  a smooth  glistening  membrane.  The  viscera  in 
reality  are  outside  the  peritoneum  ; they  bulge  into  it,  as  a 
man  leaning  against  the  outside  of  a tent  bulges  into  the 
interior  of  the  tent,  pushing  the  canvas  wall  before  him.  In 
the  case  of  the  coelome,  however,  the  bulging  goes  on  so  far 
that  the  two  folds  of  the  peritoneum  in  which  the  organs  lie 
are  inflected  and  meet  above  the  organs.  Viewed  from  the 
inside  therefore,  when  one  has  opened  the  cavity  as  directed,  : 
the  organs  seem  suspended  in  the  coelome  by  delicate  folds. 
These  folds  are  the  inflected  portions  of  the  peritoneum  and 
they  form  the  mesentery,  which  is  naturally  double  as  it  is 
formed  by  the  applied  walls  of  the  peritoneum  meeting  above 
the  inpushed  organs.  The  blood-vessels  also  lie  outside  the 
coelome,  and  their  branches  to  the  organs  run  down  between 
the  folds  which  form  the  mesentery.  The  peritoneum  is  very 
thin  and  transparent,  and  cannot  be  seen  over  many  of  the 
organs,  except  in  microscopic  preparations,  while  over  the  I 
genital  organs  and  kidneys  it  cannot  be  traced  as  a separate 
layer,  as  a large  part  of  these,  as  in  the  case  of  the  earth- 
worm, is  apparently  formed  from  the  ccelomic  wall  itself. 

The  alimentary  canal  is  a tube  nearly  straight  from  tie 
mouth  to  the  anus.  The  mouth  and  pharynx  will  be  con- 
sidered later.  The  oesophagus  is  a wide  tube  leading  horn 
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the  pharynx,  and  it  enters  the  abdominal  cavity  at  the  anterior 
end.  It  is  suspended  in  it  by  the  mesentery,  which  is  some- 
what perforated. 


The  anterior  end  passes  at  once  into  the  wider  U-shaped 
stomach,  which  is  partly  concealed  by  the  long  yellow- 
brown  liver.  The  proximal  limb  of  the  stomach,  into  which 
the  oesophagus  opens,  passes  nearly  to  the  posterior  third  of 
the  abdomen,  and  then  bends  round  sharply  to  form  the 
shorter,  narrower  distal  limb,  which  runs  forwards  and 


passes  into  the  intestine,  from  which  it  is  separated  by  a 
pyloric  thickening.  The  intestine  runs  straight  back  to  the 
cloaca.  The  middle  and  longest  part  of  the  intestine  is  very 
wide  and  is  marked  spirally  by  blood-vessels  which  corre- 
spond to  the  line  of  attachment  of  the  spiral  valve  an 
internal  fold.  The  posterior  end  is  narrower  and  is  called 
the  rectum.  The  intestine  should  be  slit  open  along  its 
length  and  washed  out.  The  spiral  valve  is  then  seen  as 
a membranous  fold  extending  far  into  the  cavity  of  the 
“ and  running  spirally  round  it  for  several  turns. 

typhlosole  of  the  earthworm,  it  is  an  arrangement 

i^n™  f a«S°r.1P  nVe  a"d  digestive  surface  of  the 
intestine  In  the  dog-fish,  the  intestinal  part  of  the  alimen 

Tte  °panrt  which  If  eren‘iated  in‘°  Sma"  and  lar«e  intestine, 
lie  part  which  it  possesses  probably  corresponds  to  the 

colon  01  arge  intestine  of  other  forms.  The  spiral  valve 

hUs“LyePhZ a‘ftPart  °f  ‘he  Sma“  * othe 

nsnes.  1 he  bursa  entenana,  or  first  part  of  the  intestine 
duodenum^  and  the  " two  ducts  open  into  the 

therefore  Represent  this  „ t r .r;ana  °£  ‘he  doS-fish  “ay 

animals.  P ‘h'S  parl  of  the  “‘<*tinal  track  of  otheV 

Of  right  and  left  lobes  um'te'r 1 W ° W " °rgani  consisting 

wards  nearly  to  the  posterior  end  onfe’  if  “‘“‘“"S  back' 

It  is  attached  to  the  wall  nf  11  / abdomen.  Anteriorly, 

sory  ligament.  It  is  an  im^  C(f  ^ by  a median  suspen- 
p mpoitant  organ  present  in  all 
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vertebrates,  and  has  several  distinct  functions.  First,  it 
serves  as  a storehouse  of  reserve  material  which  is  drawn 
upon  by  the  body  in  times  of  need.  The  nutritive  value  of 
the  material  stored  up  in  the  liver  is  familiar  from  the  use 
in  medicine  of  cod-liver  oil.  Next,  it  is  an  organ  which 
secretes  nitrogenous  waste  matter.  In  this  respect  it  may 
be  compared  with  the  chloragogen  cells  covering  the  intes- 
tine of  the  earthworm.  In  the  case  of  the  liver,  however, 
the  waste  matter  is  first  separated  from  the  blood  and  then 
returned  to  it  in  the  form  of  urea  or  of  a closely  allied, 
nitrogenous  substance,  and  is  finally  removed  from  the  body 
by  the  kidneys.  Thirdly,  the  liver  is  a digestive  gland  which 
secretes  the  bile. 

The  gall-bladder  is  a large,  thin-walled  sac,  embedded  in 
the  left  lobe  of  the  liver  near  its  anterior  end.  It  receives 
several  short  ducts  from  the  liver,  by  which  part  of  the  secre- 
tion of  bile  reaches  it.  The  bile  duct  is  a stout  tube  which 
leaves  the  gall-bladder,  afterwards  receiving  several  short 
ducts  from  the  lobes  of  the  liver,  and  running  back  in  the 
mesentery  to  enter  the  bursa  enteriana  at  the  commencement 
of  the  spiral  valve. 

The  pancreas  is  a whitish,  laterally  compressed  organ 
occupying  the  angle  between  the  intestine  and  the  stomach, 
behind  the  pylorus.  The  digestive  juice  formed  in  it  leaves 
it  by  the  pancreatic  duct,  which,  starting  from  the  ventral 
side  of  the  pancreas,  runs  into  the  ventral  wall  of  the  bursa 
enteriana.  About  half  an  inch  below  where  it  enters  the 
wall  it  opens  into  the  cavity  of  the  bursa  enteriana,  near  the 
attachment  of  the  spiral  valve. 

The  rectal  gland  is  a thick-walled,  tubular  gland  lying  in 
the  abdominal  cavity  above  the  rectum.  A narrow  duct 
leaves  its  posterior  end  and  opens  into  the  rectum.  The 
function  of  this  gland  is  not  known,  and  it  is  not  found  in 
the  higher  vertebrates. 

The  spleen  is  a dark-red  body  attached  to  the  posterior 
part  of  the  loop  of  the  stomach,  and  has  a narrow  lobe 
running  forwards,  closely  applied  to  the  distal  limbs  of  the 
stomach.  It  is  a ductless  gland  present  in  all  vertebrates. 
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It  receives  a very  rich  supply  of  blood,  and  belongs  to  the 
lymphatic  and  vascular  system  rather  than  to  the  alimentary 
system,  one  of  its  functions  probably  being  the  destruction  of 
used-up  and  damaged  red  corpuscles. 

The  respiratory  system.  The  gills  may  be  examined  if 
they  are  slit  open  by  cuts  extending  above  and  below  the 
external  openings  of  the  gill-slits.  Each  slit  leads  into  a 
wider  and  longer  cavity,  in  which  the  highly  vascular  gill- 
lamellae  hang  from  the  walls.  The  inner  end  of  the  cavity 
communicates  with  the  internal  cavity  of  the  pharynx  by 
: apertures  guarded  by  cartilaginous  processes  of  the  gill-bars 
which  prevent  the  exit  of  food  with  the  outgoing  water. 
The  gill-lamellae  are  folds  of  the  endodermic  mucous  mem- 
brane lining  the  gill-slits  ; they  are  borne  on  the  posterior 
surface  of  the  hyoid  arch  and  on  the  anterior  and  posterior 
surfaces  of  the  four  following  arches,  but  not  on  the  last 
irch.  The  anterior  wall  of  the  spiracle  bears  a rudimentary 
?ill,  called  the  pseudobranch. 

It  has  been  shown  experimentally,  by  means  of  coloured 
figments  suspended  in  water,  that  the  sea-water  enters  the 
pharynx  not  through  the  mouth,  but  the  spiracles.  The 
vater  flows  out  through  the  gill-slits.  The  muscular 
ipparatus  of  the  gill-bars  is  the  chief  mechanism  instru- 
nental  in  inducing  this  flow  of  water  through  the  pharynx. 
3y  the  contraction  of  the  muscles  working  upon  the  bran- 
'hial  bars,  the  floor  and  side  walls  of  the  pharynx  are 
Iteinately  respectively  depressed  downwards  and  inwards 
nd  upwards  and  outwards.  During  the  former  movement 
vntei  is  sucked  in,  and  during  the  latter  it  is  forced  out. 


The  Circulatory  System 

The  heart  is  a muscular  tube  bent  on  itself,  and  lying 
rithm  the  pericardial  cavity  in  the  ventral  anterior  region 
° y ketween  the  gihs.  The  pericardial  cavity  is 

it  1 UC\.e  t-11^  • 6 °°r  Phai7nx-  The  contractions  of 

ie  heart  drive  the  blood  forwards  through  the  anterior  end 

£ CneS  Thlch  leacl  to  the  gills.  In  these  the  blood 

charges  carbonic  acid  into  the  water  passing  out  through 
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the  slits,  and  takes  up  oxygen.  The  blood,  thus  purified, 
leaves  the  gills  by  vessels  which  meet  to  form  a large  median 
vessel,  the  systemic  or  dorsal  aorta,  which  runs  along  the 
body  above  the  alimentary  canal,  and  gives  off  branches  to 
the  different  organs.  In  these,  the  blood  gives  up  oxygen 
to  the  cells  of  the  tissues  and  receives  carbonic  acid,  and 
then  leaves  them  by  small  vessels  which  meet  to  form  the 
large  thin-walled  venous  sinuses,  which  lead  it  back  to  the 
heart,  entering  by  the  posterior  end.  The  circulatory  system 
is  therefore  a closed  system  of  tubes  through  which  the 
impelling  propulsions  given  by  the  contractions  of  the  heart 
are  sufficient  to  keep  the  blood  moving.  The  arteries,  or 
tubes  leading  from  the  heart  to  the  gills,  and  from  these 
through  the  systemic  aorta  and  its  branches  to  the  tissues, 
are  narrow  and  thick-walled,  and  therefore  very  little  of  the 
momentum  given  by  the  beats  of  the  heart  is  lost.  The  veins 
are  much  roomier  cavities  through  which  the  blood  perco- 
lates more  sluggishly  on  its  returning  course.  In  addition 
to  carrying  oxygen  and  carbonic  acid  and  so  serving  the 
respiration  of  the  tissues,  the  blood  serves  the  nutrition 
of  the  tissues.  It  picks  up  nutritive  materials  from  the 
intestine,  and  allows  the  cells  of  the  tissues  to  absorb  what 
they  require  from  these.  It  also  serves  excretion  by 
receiving  nitrogenous  waste  from  the  tissues,  and  carrying 
it  to  the  liver  and  the  kidneys.  The  exact  share  of  these 
organs  in  the  formation  of  urea,  in  the  case  of  the  dog-fish,  is 
unknown  ; but  between  them,  urea  is  separated  from  the 
blood  and  is  discharged  from  the  body  by  the  kidneys. 
The  blood  consists  of  a fluid  plasma  containing  white  and 
red  corpuscles.  The  white  corpuscles  are  amoeboid  cells, 
one  important  function  of  which  is  the  ingestion  and 
destruction  of  microbes  and  other  foreign  bodies  which  have 
found  their  way  into  the  system.  The  white  corpuscles  can 
pass  through  the  walls  of  the  vessels,  and  so  migrate  into  the 
tissues.  The  red  corpuscles  are  oval,  nucleated  cells  tinged 
red  with  haemoglobin.  Their  chief  function  is  to  carry 
oxygen  from  the  gills  to  the  tissues.  A fuller  account  of  the 
blood  corpuscles  will  be  found  in  Chapter  XXVI. 
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The  pericardial  cavity  should  be  opened  by  an  incision  in 
the  mid-ventral  line  in  front  of  the  pectoral  girdle.  Care 
must  be  taken  not  to  injure  the  heart,  which  lies  within  it. 
When  it  has  been  opened,  the  ventral  wall  should  be  cut 
away  so  as  to  expose  the  heart  fully,  a small  piece  being  also 
cut  out  of  the  middle  of  the  pectoral  girdle.  The  ventricle, 
a thick-walled,  muscular  and  globular  sac,  is  the  most  ventral 
and  conspicuous  part  of  the  heart.  Passing  forwards  from 
this  to  the  front  wall  of  the  pericardium,  through  which  it 
passes,  is  the  conus  arteriosus,  which  narrows  as  it  becomes 
the  cardiac  aorta.  At  the  junction  of  the  conus  and  aorta, 
the  latter  gives  off  two  pairs  of  lateral  arteries  close  together. 
This  part  of  the  aorta  possibly  corresponds  to  the  bulbus 
arteriosus  of  the  skate  and  other  fishes.  In  the  dog-fish,  how- 
ever, it  retains  very  little,  if  any,  distinctness.  The  atrium  is 
a thin-walled  sac  occupying  the  dorsal  part  of  the  pericardial 
cavity,  and  running  forwards  from  its  opening  into  the 
ventricle.  It  overlaps  the  ventricle  at  the  sides.  The  sinus 
venosus  is  the  most  posterior  part  of  the  heart,  and  is  a thin- 
walled  triangular  tube,  running  from  the  hinder  end  of  the 
atrium  to  the  posterior  wall  of  the  pericardium,  through 
which  it  passes  on  either  side  and  opens  into  the  two 
Cuvierian  veins.  Above  the  sinus  venosus,  in  the  posterior 
wall  of  the  pericardium,  is  the  opening  of  the  pericardio- 
c celomic  canal,  which  opens  into  the  abdominal  cavity 
about  an  inch  behind  the  pericardium  on  the  surface  of  the 
oesophagus. 

After  the  blood-vessels  have  been  dissected,  the  heart 
should  be  removed  along  with  the  pericardium  and  part 
of  the  floor  of  the  mouth,  and  cut  open,  washed  out  and 
examined  carefully.  The  ventricle  must  be  opened  by 
cutting  away  the  lower  part  of  its  wall ; it  is  seen  to  be 
thick-walled  and  muscular,  and  to  contain  only  a small 
globulai  cavity.  The  cavity  of  the  conus  arteriosus,  opened 
by  a ventral  slit  prolonged  from  the  opening  made  into  the 
ventricle,  is  seen  to  be  guarded  by  a set  of  three  valves  near 
the  ventricle,  and  by  another  set  of  three  slightly  in  front. 
These  are  arranged  so  as  to  prevent  the  regurgitation  of  the 
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blood  into  the  ventricle.  The  opening  of  the  ventricle  into 
the  atrium  is  a transverse  slit  in  the  posterior  part  of  the  roof 
of  the  ventricle,  guarded  by  a two-lipped  valve,  which 
prevents  blood  from  passing  back  again  to  the  atrium  during 
the  contraction  of  the  ventricle.  The  cavity  of  the  atrium 
must  be  opened  by  cutting  through  the  anterior  and  lateral 
borders,  and  turning  back  the  flap  thus  made  of  its  floor. 
The  walls  are  thin,  and  possess  radiating  muscular  bands, 
which  cause  the  contraction  by  which  the  blood  is  forced 


sv' 


Fig.  49. — Diagram  of  heart  of  dog-fish.jT  To  the  left,  ventral  view,  pericar- 
dium opened  : pericardial  cavity,  black.  BA.  Conus  arteriosus.  A.  Atrium. 
V.  Ventricle.  SV.  Sinus  venosus  within  pericardium.  SV'.  Hepatic  sinus.  L. 
Liver.  To  the  right,  longitudinal  vertical  section  : cavity  of  pericardium  and 
of  heart,  black.  P.  Pericardium.  PC.  Canal  from  pericardium  to  coelome. 
A.  Conus  arteriosus,  at  the  root  of  which  are  two  pairs  of  valves ; this  leads 
into  thick-walled  ventricle  (V  wall),  which  is  open  above  to  thin-walled 
atrium,  which  communicates  behind  with  sinus  venosus  (SV'),  passing  outside 
pericardium. 

into  the  ventricle.  The  aperture  into  the  sinus  venosus  is  a 
vertical  slit  in  the  posterior  wall  ; its  cavity  is  spacious,  and 
the  walls  have  a feeble  network  of  muscles.  The  sinus 
venosus  into  which  it  opens  is  an  elongated  triangular  sac 
lying  in  the  posterior  part  of  the  pericardium.  It  has  thin, 
but  muscular  walls. 

The  veins  are  spacious  thin-walled  channels  forming 
irregular  sinuses  rather  than  vessels.  Their  dissection  can 
best  be  commenced  by  opening  the  ventral  wall  of  the  sinus 
venosus,  washing  out  the  contained  blood,  passing  seekers 
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into  the  apertures  of  the  Cuvierian  veins  on  each  side,  and 
then  slitting  open  their  ventral  walls  and  washing  out  the 
contained  blood.  From  these  the  other  sinuses  can  be 
followed  up. 

The  hepatic  sinuses  open  into  the  sinus  venosus  by  a pair 


Fig.  50.— Diagram  of  venous  blood  channels  in  dog-fish.  1.  Anterior 
orbital  sinus  communicating  with  its  fellow  of  the  other  side  by  inter-orbital 
canal.  . 2.  Post-orbital  sinus ; this  is  in  reality  only  a narrow  tubular  cavity. 
3.  Hyoid  sinus.  4.  Anterior  cardinal  sinus ; in  reality  this  is  a large,  spacious 
cavity.  6.  Inferior  jugular  sinus.  Between  the  two  lie  the  Cuvierian  sinuses, 
which  enter  the  sinus  venosus  of  the  heart.  6.  Hepatic  sinuses  also  entering 
the  sinus  venosus.  7.  Subclavian  vein.  8.  Lateral  line  vein.  9.  Posterior 
cardinal  sinus  ; in  reality  this  is  a very  large  and  spacious  vessel ; the  two  are 
in  close  connexion  behind  and  pass  back  to  kidney.  0.  Genital  sinus.  11. 
Caudal  vein.  g.  Renal 1 portal  vein.  f.  Kidney,  e.  Liver,  c.  Hepatic  portal 
vein.  d.  Splenic  portal  vein.  b.  Cardiac  aorta,  a.  Afferent  branchial  arteries. 


of  small  apertuies  near  the  dorsal  part  of  the  posterior  wall 
on  each  side  of  the  middle  line.  They  return  the  blood 
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from  the  liver,  and  lie  close  together  between  the  liver  and 
the  pericardium. 

The  CuYierian  sinuses  or  Yeins  are  the  lateral  continu- 
ations of  the  sinus  venosus.  They  curve  upwards,  lying 
closely  applied  to  the  inner  side  of  the  posterior  branchial 
arches. 

The  inferior  jugular  sinuses  open  one  on  each  side  into 
the  middle  of  the  Cuvierian  sinus.  They  run  forwards  along 
the  outer  wall  of  the  pericardium,  and  in  the  floor  of  the 
mouth. 

The  great  anterior  cardinal  sinuses,  one  on  each  side, 
open  into  the  dorsal  end  of  the  Cuvierian  sinus  by  a small 
hole,  guarded  by  a valve  with  two  flaps.  Each  extends 
forwards  as  a wide,  very  irregular  space  lying  above  the 
gill  arches.  At  the  level  of  the  hyoid  arch  each  receives  a 
hyoidean  sinus,  a narrower  venous  channel  which  runs 
down  a groove  in  the  hyo-mandibular  cartilage  until  it  meets 
the  jugular  sinus. 

The  post-orbital  sinus  is  a narrower  tubular  channel  at 
each  side,  which  runs  from  the  anterior  end  of  the  anterior 
cardinal  sinus,  over  the  spiracle,  under  the  side  of  the  audi- 
tory capsule,  to  open  into  the  very  large  orbital  sinus,  which 
surrounds  the  eye  and  communicates  with  its  fellow  of  the 
other  side  through  the  interorbital  canal. 

The  posterior  cardinal  sinus  of  each  side  extends  from  the 
posterior  or  hinder  end  of  the  Cuvierian  sinus  as  a sac,  nearly 
an  inch  in  width,  lying  first  at  the  side  of  and  then  above  the 
alimentary  canal.  It  communicates  by  many  small  openings 
with  its  fellow  of  the  other  side.  When  they  reach  the 
kidneys,  the  sinuses  narrow  considerably,  and  pass  backwards 
between  them,  receiving  numerous  renal  Yeins.  Into  each 
sinus  opens  first  the  subclavian  vein,  which  returns  blood 
from  the  region  of  the  pectoral  fin  ; then  the  lateral  line 
vein,  which  returns  blood  from  the  side  of  the  body  wall ; 
and  lastly,  the  genital  sinus,  which  surrounds  the  genital 
organs. 

The  liver  and  the  kidneys  are  organs  which  receive  not 
only  supplies  of  arterial  blood  like  all  the  organs  and  tissues, 
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but  a special  supply  of  blood  on  account  of  their  special 
functions.  For  the  latter  purpose,  both  liver  and  kidneys 
receive  a special  supply  of  blood  taken  to  them  by  veins. 
These  arrangements  are  called  portal  systems,  and  their  dis- 
tinctive feature  is  that  the  veins  break  up  into  small  vessels 
which  ramify  through  the  tissues  in  question  ; whereas  veins 
in  other  cases  do  not  break  up  into  smaller  vessels  on  their 
way  from  the  organs  to  the  heart,  their  special  business,  so  to 
speak,  being  to  take  back  the  impure  blood  to  the  heart  with- 
out loitering  by  the  way.  Portal  veins  thus  have  two  sets  of 
capillaries,  one  at  either  end  of  the  vein.  Ordinary  or 
systemic  veins  have  only  one  set,  that  at  the  distal  end  of  the 
vein. 

The  hepatic  portal  Yein  is  really  the  continuation  of  the 
main  vein  of  the  system.  This  is  called  the  anterior  mesen- 
teric vein.  It  picks  up  blood  from  the  intestine  and  receives 
a lieno-gastric  factor  from  the  spleen  and  posterior  part  of 
the  stomach.  It  also  receives  an  anterior  gastric  factor 
from  the  anterior  portions  of  the  stomach.  The  portal  vein 
breaks  up  into  two  large  veins  which  enter,  one  to  each  lobe 
of  the  liver,  and  break  up  into  a series  of  irregular  capil- 
laries in  the  liver. 

The  blood  from  the  tail  is  returned  by  a median  caudal 
Yein,  which  runs  through  the  haemal  arches  of  the  vertebral 
column.  Just  behind  the  kidneys  it  divides  into  two  renal 
portal  Yeins,  which,  after  receiving  small  veins  from  the  body 
wall,  run  along  the  dorsal  surfaces  of  the  right  and  left 
kidneys,  and  gradually  break  up  into  vessels  which  pass  into 
the  kidneys. 

The  arteries,  on  account  of  their  smaller  calibre  and  thicker 
walls,  can  be  dissected  without  opening  them  j but  it  is  con- 
venient to  inject  them  from  the  conus  arteriosus,  and  from 
the  caudal  artery. 

1 he  aortic  arches,  through  which  the  venous  blood  is 
pumped  from  the  conus  arteriosus,  are  termed  the  afferent 
branchial  vessels.  The  cardiac  aorta,  the  forward  con- 
tinuation of  the  conus  arteriosus,  runs  for  about  an  inch  in 
fiont  of  the  pericardium  in  the  floor  of  the  pharynx,  forking 
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to  form  the  first  pair  of  afferent  branchial  vessels ; each  of  these 
divides  into  two  branches.  The  first  runs  along  the  hyoid 
arch,  breaking  up  into  vessels  which  supply  the  gill  on  the 
posterior  face  of  the  hyoid,  while  the  second  runs  along  the 
outer  border  of  the  first  branchial  arch,  giving  off  branches 
to  the  gills  lying  on  the  anterior  and  posterior  surfaces  of 


F[g.  51. — Diagram  of  gill-slits  and  arteries.  I.-V.  Gill-cavities:  the  gill 
lamella  are  in  white.  A.  Systemic  or  dorsal  aorta.  E.  Posterior  epi- 
branchial  vessel.  C.E.  External  carotid.  C.I.  Internal  carotid  artery. 

these.  The  second,  third,  and  fourth  afferent  vessels  run 
similarly  along  the  second,  third,  and  fourth  arches,  giving 
branches  to  the  gills  on  the  anterior  and  posterior  surfaces 
of  these.  The  last  arch,  which  bears  no  gill,  has  no  afferent 

vessel. 

The  efferent  branchial  arteries— A complete  arterial 


THE  DOG-FISH 


219 


loop  surrounds  each  of  the  four  anterior  gill-slits,  and  collects 
the  blood  from  the  gills  on  their  anterior  and  posterior  faces. 
The  posterior  slit,  which  has  a gill  only  on  its  anterior  face, 
returns  its  blood  by  a single  vessel,  which  joins  the  dorsal 
end  of  the  fourth  loop.  From  the  dorsal  ends  of  the  four 
anterior  loops,  four  epibranchial  arteries  run  inwards  and 
backwards,  and  unite  to  form  the  dorsal  aorta,  which  runs 
back  along  the  whole  length  of  the  body  under  the  back- 
bone to  the  root  of  the  tail,  where  it  enters  the  haemal 
arches. 

The  carotid  artery  of  each  side  arises  from  the  dorsal  end 
of  that  part  of  the  first  loop  which  comes  from  the  hyoid  gill. 
It  runs  forwards  and  inwards  along  the  ventral  surface  of  the 
skull  to  the  posterior  border  of  the  orbit,  where  it  divides 
into  an  external  carotid  which  pierces  the  floor  of  the  orbit 
and  runs  forward  to  supply  the  jaws  and  the  snout,  and  an 
internal  carotid  which  runs  inwards  and  forwards  along  a 
groove  in  the  ventral  surface  of  the  skull  until  it  meets  its 
fellow  of  the  other  side  in  the  middle  line,  when  the  common 
vessel  passes  through  a foramen  into  the  brain. 

The  hyoidean  artery  runs  from  the  ventral  end  of  the 
anterior  part  of  the  first  efferent  loop  to  supply  the  spiracle, 
and  also  sends  a small  vessel  into  the  brain  through  a 
foramen  immediately  in  front  of  the  interorbital  foramen  in 
the  orbit. 

Branches  of  the  dorsal  aorta. 

The  subclavian  artery  of  each  side  leaves  the  dorsal  aorta 
between  the  third  and  fourth  epibranchial  vessels,  and  runs 
backwards  and  outwards  to  the  pectoral  fins. 

The  cceliac  artery  is  a large  median  vessel  which  leaves 
the  ventral  side  of  the  aorta  shortly  behind  the  last  pair 
of  epibranchials,  and  divides  into  an  artery  for  the  stomach 
and  liver  and  one  for  the  first  part  of  the  intestine  and  the 
pancreas. 

The  anterior  mesenteric  artery  is  a median  vessel  supply- 
ing the  intestine  and  rectum,  and  arising  about  two  inches 
behind  the  cceliac  artery. 

dhe  lieno-gastric  artery  leaves  the  aorta  immediately 
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behind  the  mesenteric  artery.  It  supplies  the  posterior  limb 
of  the  stomach  and  the  spleen,  and  in  part  the  pancreas. 

The  posterior  mesenteric  artery  leaves  the  aorta  in  front 
of  the  anterior  end  of  the  rectal  gland,  which  it  supplies. 

The  parietal  arteries  are  small,  paired  vessels  which  leave 
the  aorta  at  intervals  all  along  its  course  and  supply  the  body 
wall. 

The  renal  arteries  are  small,  paired  arteries  which  run 
from  the  aorta  into  the  kidneys. 

The  iliac  arteries  leave  the  aorta  near  the  posterior  end 
of  the  abdominal  cavity,  and  one  runs  to  each  pelvic  fin. 

The  Renal  and  Reproductive  Systems 

In  vertebrates,  the  excretory  and  reproductive  systems  are 
closely  connected,  and  to  understand  the  complicated  rela- 
tions that  exist  between  them,  it  is  necessary  to  know  some- 
thing of  the  way  in  which  the  two  sets  of  organs  are  developed. 
The  reproductive  glands  or  gonads,  the  ovaries  in  the  females, 
the  testes  in  the  males,  arise  as  modified  patches  of  the  dorsal 
wall  of  the  coelome.  In  some  animals,  especially  in  cases 
like  the  common  dog-fish,  or  as  in  birds,  where  the  eggs,  on 
account  of  the  bulk  of  food-yolk  contained  in  them,  are  very 
large,  only  one  ovary  is  present  in  the  adult  condition  ; but 
typically,  there  is  one  pair  of  testes  and  one  pair  of  ovaries. 
The  eggs  or  spermatozoa  when  ripe  would  therefore  fall  into 
the  body  cavity.  The  primitive  kidney  consists  of  a series  of 
nephridial  tubules  arranged  segmentally,  so  that  there  is  one 
pair  for  every  segment  of  the  body.  The  other  ends  of 
the  nephridial  tubes  open  into  a longitudinal  duct,  called  the 
segmental  duct,  which  runs  back  to  open  to  the  exterior  by 
the  cloaca.  Such  a condition  is  represented  in  Fig.  52,  the 
nephridia  only  of  one  side  being  represented  completely. 
On  each  nephridium,  between  the  funnel  and  the  opening 
into  the  segmental  duct,  there  is  a cup-shaped  protuberance, 
or  double-walled  sac,  called  the  Malpighian  capsule,  in 
which  a tuft  of  blood-vessels  called  the  glomerulus  ramify. 
In  the  Fig.,  for  the  sake  of  simplicity,  the  capillary  loops 
of  the  nephridia  are  represented  as  coming  only  from  the 
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aorta,  the  renal  portal  system  being  neglected.  Such  simple 
nephridia  by  their  funnels  would  remove  waste  matter  from 
the  coelome,  and  along  with  this  the  ripe  genital  products  dis- 
charged from  the  genital  glands  ; while  from  the  blood  in  the 
glomeruli,  lodged  in  the  Malpighian  capsules,  they  would 
extract  waste  material.  In  the  actual 
development  of  vertebrates  such  a 
series  of  paired  nephridia  leading  into 
a segmental  duct  occurs  ; but  this  is 
rapidly  followed  by  that  feature  of 
coelomate  development  which  in  Chap- 
ter XXIII  we  called  condensation  of 
segmentation.  The  series  of  nephri- 
dia are  broken  up  into  three  groups, 
and  the  original  single  segmental  duct 
is  replaced  or  divided,  so  that  a sepa- 
rate duct  is  formed  for  each  group.  ^ 

The  middle  drawing  in  Fig.  53  re- 
presents this.  The  anterior  group  of 
nephridia  is  called  the  pronephros  01- 
head  kidney,  and  its  duct  is  called  the 
pronephric  duct,  which  at  a later 
stage  is  called  the  Mullerian  duct. 

In  the  dog-fish  the  nephridial  tubules 
of  the  pronephros  do  not  appear. 

But  their  duct,  the  pronephric  duct, 
which,  as  it  frequently  is  the  remains 
of  the  original  duct,  is  often  called  pri^Kid^TTsjS 
the  segmental  duct,  does  appear  at  tem'c  aorta  which  sends 
each  side.  The  second  division  of  branchf  ramifying  in  the 
nepnndia  is  called  the  mesonephros,  b.  Nephridial  funnels,  s. 
and  its  duct  is  the  mesonephric  duct  tegmental  duct.  c.  Cloaca 
or  from  the  name  of  its  discoverer^  Wlth  aPertures  of  ducts- 
the  Wdfflan  duct.  The  posterior  group  is  called  the  meta- 
nephros,  or  last  kidney,  and  its  duct  is  the  metanephric 
duct  or  ureter.  In  some  animals  the  metanephros  is  the 
oniy  functional  kidney  of  the  adult,  and  the  metanephric 
duct  is  that  by  which  the  urine  is  actually  discharged1  In 
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most  vertebrates  these  separate  ducts  appear  successively, 
but  while  the  metanephros  forms  the  kidney  of  the  adult, 
only  those  parts  of  the  pronephros  and  mesonephros  are 
retained  which  have  become  specialized  into  sexual  ducts, 


Fig.  53. — Excretory  and  genital  organs  of  dog-fish.  The  middle  figure  is 
the  common  type ; to  the  left  the  female,  to  the  right  the  male.  A.  Aorta. 
Mes.  Mesonephros.  Met.  Metanephros.  P.  Pronephric  or  Mullerian  duct. 
W.  Mesonephric  or  Wolffian  duct.  Ur.  Metanephric  duct  (so  called).  G. 
Genital  organ.  C.  Cloaca.  U.  Urinogenital  aperture.  In  the  female,  P, 
oviduct  with  shell  gland  near  the  summit.  0.  Common  opening  of  oviducts 
into  coelome.  OV.  The  single  ovary.  S.  Urinary  sinus  into  which  mesonephric 
ducts  and  ureters  open.  In  the  male,  the  testis  (T)  of  one  side  has  been  re- 
moved. P.  Rudimentary  pronephric  duct  with  0,  opening  into  coelome.  V.E. 
Vasa  efferentia.  V.E.  Vesicula  seminalis  (mesonephric  duct).  SS.  Sperm  sac, 
in  the  lower  end  of  which  are  seen  the  openings  of  V.E.  and  of  Ur  immediately 
under  the  reference  letters  SS. 


because  they  have  retained  the  primitive  auxiliary  employ- 
ment of  the  nephridial  funnels  as  means  by  which  the  ripe 
generative  products  escape  from  the  coelome  to  the  exterior. 
It  is  very  doubtful  if  the  metanephros  of  the  dog-fish  is  homo- 
logous to  the  definitive  kidney  or  metanephros  of  the  Mammal. 
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Its  mode  of  development  suggests  that  it  is  merely  a posterior 
■ extension  of  the  mesonephros. 

The  Adult  Female. 

The  Ovary  is  a single  large  organ  lying  in  the  abdominal 
cavity  suspended  from  the  dorsal  wall  by  a delicate  mesentery 
which  is  easily  torn.  The  ovary  is  lobulated  on  account  of 
the  large  eggs,  in  various  stages  of  ripeness,  which  are  con- 
tained in  it.  This  single,  unpaired  condition  of  the  ovary  is 
r exceptional.  It  is  in  other  fishes  and  most  vertebrates,  except 
birds,  a paired  organ  like  the  testes  in  the  male. 

The  oviducts  are  the  elaborated  Mullerian  ducts  which 
arise  in  the  course  of  development  by  the  longitudinal  split- 
ting of  the  segmental  ducts.  They  become  enormously  ex- 
panded as  development  proceeds.  The  oviducts  are  a pair  of 
wide  tubes  lying  on  each  side  of  the  middle  line  near  the 
dorsal  wall  of  the  coelome.  Their  anterior  ends  meet  together 
in  the  middle  line  in  front  of  the  liver,  and  on  the  ventral  side 
of  the  junction  a ventral  slit  opens,  thus  placing  their  cavity 
in  communication  with  the  abdominal  coelome.  Through  this 
the  eggs  which  have  fallen  from  the  ovary  into  the  coelome 
find  their  way,  and  are  impregnated  by  spermatozoa  passed 
into  the  oviducts  by  the  males  during  copulation.  Nearly  a 
third  of  its  length  from  the  coelomic  opening  of  each  oviduct, 
there  is  a large  oviducal  gland  which  secretes  a horny  shell 
formed  around  the  egg  after  impregnation.  The  posterior 
ends  of  the  oviducts  approximate,  and  open  into  the  cloaca 
on  the  dorsal  wall,  immediately  behind  the  rectum. 

In  the  female  the  mesonephros  is  rudimentary  and  consists 
of  a segmented  mass  of  yellow-brown  glandular  tissue  ar- 
ranged in  patches  on  the  dorsal  wall  of  the  abdominal  cavitv 

* at  eac.h  Slde-  rhe  Patches  are  arranged  so  that  they  corre- 
spond roughly  to  the  vertebne. 

The  metanephros  forms  the  permanent  kidney  of  the  adult 
female.  Each  is  a compact,  laterally-compressed,  dark-brown 

rdr^ted^ddre  tf  WThe°  orhe  ' °ne  °D 
arranged  tubules  have  greatly  multiplied  in  numb^Tmo^ 
cases  the  nephnd.al  funnels  into  the  ccelome  have  disappeared, 
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although  in  some  cartilaginous  fishes  microscopic  sections 
through  the  kidney  and  the  peritoneum  show  that  the  aper- 
tures of  the  funnels  persist  even  in  the  adult.  The  cup-shaped 
expansions  of  the  tubules  are  increased  in  number,  and  into 
them  there  pass  coils  of  blood-capillaries  which  also  ramify 
over  the  parts  of  the  tubules  within  the  kidney.  These  blood- 
capillaries,  which  come  both  from  the  renal  arteries  and  from 
the  renal-portal  system,  together  with  the  tubules  and  a small 
amount  of  supporting  connective  tissue,  form  the  mass  of  the 
solid  kidney.  The  cup-shaped  expansions  with  their  contained 
tufts  of  blood-vessels  form  the  most  characteristic  feature  in 
sections  of  the  kidney,  and  are  known  as  Malpighian  cap- 
sules. 

The  mesonephric  or  Wolffian  ducts,  in  the  adult  female, 
form  a pair  of  straight  tubes  running  along  the  whole  length 
of  the  kidneys  on  their  ventral  surfaces.  Along  the  greater 
part  of  their  anterior  length  they  are  exceedingly  slender  and 
difficult  to  find.  Their  posterior  ends  are  enlarged  to  form  a 
pair  of  urinary  sinuses,  which  meet  together  posteriorly  and 
open  into  the  cloaca,  on  the  surface  of  a small  urinary  papilla 
situated  in  the  dorsal  wall  of  the  cloaca. 

The  metanephric  ducts  form  the  ureters  of  the  adult. 
There  are  four  or  five  at  each  side,  and  they  open  by  separate 
apertures  into  the  dorsal  wall  of  the  urinary  sinus  of  each 
side. 

The  Adult  Male. 

The  male  gonads  or  Testes  are  a pair  of  soft,  whitish, 
elongated  bodies  lying  on  the  dorsal  wall  of  the  abdominal 
cavity,  and  united  to  each  other  at  their  posterior  ends.  At 
the  anterior  end  of  each  testis  a number  of  small  tubules,  the 
Yasa  efferentia,  leave  the  testes  and  pass  into  the  anterior 
ends  of  the  mesonephros  of  each  side.  The  spermatozoa, 
when  ripe,  instead  of  being  discharged  directly  into  the 
body  cavity,  are  passed  along  these  ducts  to  the  mesonephros. 
The  pronephros  of  the  adult  male,  as  in  the  female,  is  not 
developed.  The  Mullerian  ducts  of  each  side  are  quite  rudi- 
mentary ; at  the  anterior  end  of  the  abdominal  cavity,  in  a 
situation  corresponding  to  the  opening  into  the  body  cavity  of 
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the  female  oviducts,  there  are  in  the  male  a couple  of  small 
pouch-like  sacs  in  the  suspensory  ligament  of  the  liver,  and 
behind  these  a short  median  strand  of  tissue  represents  the 
anterior  parts  of  the  aborted  ducts. 

The  mesonephros  of  each  side  forms  the  front  part  of  the 
functional  kidney  of  the  adult,  while  the  metanephros  forms 
the  posterior  and  larger  part  of  the  permanent  kidney.  A 
slight  constriction  usually  marks  the  bounds  of  the  two  parts 
of  the  kidney,  the  internal  structure  of  which  is  similar  to  that 
described  in  the  case  of  the  female. 

The  mesonephric  or  Wolffian  duct  of  each  side  is  a thick- 
walled  sinuous  tube  which  runs  through  the  whole  length  of 
the  mesonephros,  and  into  which  open  the  segmentally 
arranged  mesonephric  or  Wolffian  nephridial  tubules.  Where 
the  mesonephros  passes  into  the  metanephros,  each  Wolffian 
duct  expands  into  a wide  tube  corresponding  in  position  to 
the  urinary  sinus  of  the  female,  although  it  extends  further 
forwards.  This  is  called  the  vesicula  seminalis,  and  it  runs 
back  along  the  ventral  side  of  the  metanephros  to  open  into 
the  urino-genital  sinus  immediately  before  that  opens  into  the 
cloaca. 

The  sperm-sac  of  each  side  is  a thin-walled  sac  which  has 
no  representative  in  the  female.  It  lies  along  the  outer  side 
of  the  vesicula  seminalis,  and  ends  blindly  in  front,  nearly  at 
the  anterior  margin  of  the  metanephros.  Posteriorly,  each 
dilates,  and  by  uniting  with  its  fellow  of  the  opposite  side 
forms  the  urino-genital  sinus. 

The  urino-genital  sinus  receives  the  openings  of  the  vesicula 
seminalis  and  of  the  ureter,  and  then  it  opens  into  the  cloaca 
by  a small  pore  at  the  tip  of  the  urino-genital  papilla,  which 
is  situated  immediately  behind  the  rectum  on  the  dorsal  wall 
of  the  cloaca. 

There  are  five  metanephric  ducts  at  each  side.  The 
anterior  four  unite  to  form  the  ureter,  which  is  joined  by 
the  fifth  and  then  runs  along  the  dorsal  surface  of  the 
vesicula  seminalis  to  open  into  the  urino-genital  sinus. 

Thus  in  the  male  the  mesonephric  or  Wolffian  duct  func- 
tions both  as  the  ureter  of  the  mesonephros  and 
Q 


as  a vas 
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deferens  by  which  the  genital  products,  brought  to  the 
mesonephros  by  the  vasa  efferentia,  leave  that  to  reach  the 
exterior.  The  urino-genital  papilla  on  which  the  urino-genital 
sinus  opens  serves  as  a common  aperture  for  the  escape  of 
excretory  and  sexual  products.  In  copulation  the  seminal 
fluid  is  directed  into  the  body  of  the  female  by  grooves  run- 
ning along  the  dorsal  surface  of  the  claspers. 

The  Nervous  System 

The  nervous  system  of  vertebrates  is  tubular  and  hollow, 
and  lies  along  the  dorsal  surface  with  an  anterior  expansion 
in  the  head  forming  the  brain.  In  Fig.  71,  which  is  a longitu- 
dinal vertical  section  through  a young  vertebrate  embryo,  a 
primitive  condition  of  the  nervous  system  is  shown.  It  con- 
sists of  a hollow  tube,  open  to  the  blastopore  behind,  and  in 
front  expanded  into  three  bulbs,  lying  one  behind  the  other, 
named  the  three  primary  vesicles  of  the  brain.  These  are 
called  the  fore,  mid,  and  hind  brains.  In  the  course  of  the 
development,  the  solid  parts  of  the  brain  and  spinal  cord  are 
formed  by  thickenings  in  the  walls  of  the  primitive  tube  and 
vesicles,  and  the  cavity  remains  as  a small  central  canal  in 
the  spinal  cord  leading  into  a series  of  ventricles  in  the 
brain.  From  this  central  portion  the  peripheral  portion,  con- 
sisting of  nerves  growing  out  in  pairs,  runs  to  the  tissues  and 
organs. 

The  anterior  part  of  the  first  primary  yesicle  of  the  brain 
or  fore-brain  grows  out  to  form  a large  thick-walled  mass 
traversed  in  the  median  line  by  a very  shallow  and  superficial 
longitudinal  constriction.  This  is  called  the  prosencephalon ; 
its  two  lateral  portions  on  each  side  of  the  median  furrow 
correspond  to  the  cerebral  hemispheres  of  the  higher  animals, 
and  contain  the  small  lateral  ventricles.  In  the  dog-fish 
these  are  much  laterally  compressed.  From  the  side  near  the 
front  grow  out  the  olfactory  lobes.  The  greater  part  of  the 
posterior  portion  of  the  first  vesicle  forms  the  thalamence- 
phalon.  From  each  side  of  it,  in  the  course  of  embryonic 
development,  grows  out  a bulb  which  nearly  meets  the  skin 
of  the  body  As  shown  in  Fig.  72,  the  anterior  wall  of  each  of 
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these  lateral  bulbs  tucks  in  backwards  so  that  they  form  cups 
caiiied  upon  short  stalks.  These  cups  will  later  form  the 
nervous  portion  of  the  eyes,  and  a thickening  of  the  outer  skin 
opposite  the  mouth  of  the  cup  forms  the  lens  of  the  eye.  The 
dorsal  wall  of  the  thalamencephalon  gives  rise  to  a stalked 
bulb  which  becomes  cup-shaped  exactly  like  the  lateral  eyes. 
In  the  dog-fish,  and  in  most  other  living  vertebrates,  this 
dorsal  eye  degenerates,  and  becomes  a stalked  bulb  on  the 

HvW  T°f  ^he  ^ramu  1rwn  as  the  pineal  body-  But  in  some 

vmg  lizards  this  bulb  actually  develops  into  a small  struc- 
ure  with  the  anatomical  characiers  Gf  an  eye.  In  the  New 
Zealand  lizard  the  Sphenedon,  or  Tuatara,  this  eye  is  for  a 
time  functional  and  lies  upon  the  dorsal  surface  of  the  skull 

is  nofr  r tW1°.lateral  eyes‘  Jt  is  called  the  parietal  eye.  It 
s not  functional  in  any  other  animals  at  the  present  day  but 

there  is  good  reason  to  suppose  that  in  the  extinct  ancestors 
o living  vertebrates  it  served  as  a third  eye.  The  parietal 

vestiriaf  o™ 3 tw“  f n°W  eXiStS’  iS  a n°table  insta"ce  of  a 

bulb  or  sac  grows  out  on  the  ventral  side  of  t u 1 U 

“^do °f  WWCh  ‘he  ^ andTutuo?” 

* “ 

%‘r-rio  ad  ve„tr-„irty  “ as 

mQdallfobloSfyFrrSife,°rhind-brain  ^omes 

arises  as  a 3 UpgrZh  ‘he  “lum 

In"this  T “d 

cases  the  roof  is  composed  of ““‘“'encephalon.  In  both 
known  as  the  choroid  plexus.  ""  vascular  membrane, 

‘hic^tLXtirred00^',4116  Wal’S  becoining  very 
Dissection  of  tto  1°k  ^ «*»>  canal. 

ot  the  dog-hsh  is  important,  because 
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the  primitive  condition  is  not  much  departed  from,  whereas 
in  higher  vertebrates,  such  as  man,  complicated  bending  and 
folding  of  the  originally  straight  tube  occurs. 

Dissection  of  the  nervous  system  is  most  conveniently 
performed  upon  specimens  that  have  been  hardened  in  spirit. 
When  the  viscera  have  been  examined  the  animal  should 
be  put  in  methylated  spirit  for  a few  days,  the  dorsal  wall 
of  the  skull  having  been  removed.  Then  it  must  be  placed 
on  the  dissecting  board  with  its  dorsal  side  upwards,  and 
pinned  down.  The  skin  must  be  removed  from  the  dorsal 
surface  of  the  head,  and  then,  if  this  has  not  been  done 
before,  the  cartilaginous  roof  of  the  skull  must  be  sliced 
away  until  the  brain  is  exposed.  The  auditory  capsule  and 
the  orbit  of  one  side  should  be  left  intact.  The  capsule  of 
the  other  side  must  be  sliced  through  while  exposing  the 
brain,  and  the  eyelids  of  the  same  side  dissected  away  to 
expose  the  orbit.  As  the  orbital  sinus  is  opened  in  this 
process,  the  blood  clots  must  be  washed  away.  Then  the 
surface  of  the  brain  must  be  examined  : next  the  eye  of  one 
side  examined  : next  the  cranial  nerves  must  be  dissected ; 
and  lastly  the  brain  and  a part  of  the  spinal  cord  must  be 
removed  and  examined  more  fully.  In  this  description  the 
order  to  be  observed  in  the  laboratory  will  not  be  followed 
exactly. 

The  Dorsal  Surface  of  the  Brain 

The  prosencephalon  (Fig.  54,  P)  forms  the  largest  and 
most  anterior  part.  It  is  a smooth,  somewhat  rounded 
mass  lying  between  the  olfactory  capsules  and  the  orbits. 
The  separation  into  lateral  hemispheres  is  marked  only  by 
a slight  median  anterior  groove. 

The  olfactory  lobes  (Fig.  54,  I)  arise  by  short  stalks  from 
the  middle  of  the  sides  of  the  prosencephalon.  They  are 
triangular  in  shape  and  are  closely  pressed  against  the  sides 
of  the  prosencephalon.  In  the  dog-fish,  as  in  many  other 
predatory  fishes  which  make  large  use  of  the  sense  of  smell 
in  hunting,  these  olfactory  lobes  are  unusually  large. 

The  thalamencephalon  (Fig.  54,  TH)  is  the  narrower 
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portion  of  the  brain  immediately  behind  the  anterior  part. 
Its  roof  is  very  thin,  and  the  third  ventricle  can  be  seen 
through  it. 

The  pineal  body  (pin)  extends  forwards  from  the  hinder 
part  of  the  roof,  and  terminates  in  a slightly  expanded  bulb 
lying  on  the  surface  of  the  fore-brain.  The  optic  nerves  (II), 


Fig.  54. — Brain  of  dog-fish.  To  the  right,  ventral ; to  left,  dorsal  aspect. 
I.  01  factor}’  lobes.  P.  Prosencephalon.  Pin.  Pineal.  TH.  Thalamencephalon. 
OP.  Optic  lobes.  INF.  Infundibulum.  PIT.  Pituitary.  CER.  Cerebellum.  R. 
Restiform  bodies.  Med.  Medulla  oblongata.  (The  indicating  lines  are  really 
too  low.  They  point  to  the  junction  of  medulla  with  spinal'cord.  The  me- 
dulla is  the  triangular  portion  lying  above  the  point  touched  by  the  line.)  II. 
Optic  nerves.  III.  Third  nerve.  IV.  Fourth  nerve.  V.  Fifth  nerve.  VI. 
Sixth  nerve.  VII.  Seventh  nerve.  VIII.  Auditory  nerve.  IX.  Glossopharyn- 
geal. X.  Vagus.  1 


which  in  a sense  represent  the  stalks  of  the  optic  vesicles, 
may  be  seen  running  into  the  eyeball  from  under  the  lower 
part  of  the  sides  of  the  thalamencephalon. 

Ilu  optic  lobes  (OP)  are  a pair  of  rounded  expansions 
which  in  fiont  partly  overlap  the  thalamencephalon,  and 
behind  are  partly  overlapped  by  the  cerebellum.  The  fourth 
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pair  of  nerves  (IV)  arise  from  near  the  middle  dorsal  line 
between  the  optic  lobes  and  the  cerebellum. 

The  cerebellum  (CER)  is  an  elongated,  oval  body,  which 
stretches  far  forwards  over  the  optic  lobes  and  backwards 
over  the  medulla  oblongata. 

The  medulla  oblongata  forms  the  posterior  part  of  the 
brain.  It  narrows  as  it  passes  back  into  the  spinal  cord. 
The  letters  MED  in  the  figure  are  placed  at  the  junction 
of  the  medulla  with  the  cord.  The  roof  of  the  medulla  is 
very  thin,  and  in  dissection  is  frequently  torn  away,  exposing 
its  cavity,  the  fourth  ventricle.  The  roots  of  the  fifth,  seventh, 
and  eighth  nerves  may  be  seen  coming  from  its  sides  in  the 
anterior  region.  The  ninth  nerve  and  the  several  roots  of  the 
tenth  nerve  may  be  seen  arising  from  the  sides  of  the  medulla 
in  the  posterior  half,  while  above  these  at  the  anterior  end  of 
the  medulla  there  is  a large  rounded  expansion  formed  by  an 
outfolding  of  the  wall  at  each  side.  This  is  the  paired  resti- 
form  body. 

The  Ventral  Surface  of  the  Brain 

The  examination  of  this  must  be  deferred  until  the  cranial 
nerves  have  been  examined. 

The  prosencephalon  and  the  olfactory  lobes  appear  much 
as  when  seen  from  the  dorsal  surface,  but  they  pass  more 
directly  into  the  thalamencephalon. 

The  thalamencephalon,  on  the  greater  part  of  its  ventral 
surface  in  front,  has  a curved  band,  from  the  ends  of  which 
the  optic  nerves  arise.  This  band  is  the  optic  chiasma,  and 
is  formed  by  the  crossing  of  the  fibres  coming  from  the  right 
and  left  sides,  so  that  the  fibres  of  the  nerve  to  the  right  eye 
come  from  the  left  side  of  the  brain  and  vice  versa. 

The  infundibulum  (inf)  is  a pair  of  hollow,  oval  protuber- 
ances (lobi  i nf cri ores),  on  the  ventral  surface  of  the  thalamen- 
cephalon, immediately  behind  the  optic  chiasma.  Attached 
to  the  posterior  end  of  the  infundibulum  is  the  pituitary 
body,  a thin-walled  hollow  sac.  A tubular  body,  of  unknown 
function,  is  attached  along  the  middle  line  of  the  ventral 
surface  of  the  pituitary  and  runs  forward  to  the  infundibulum. 
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The  pituitary  body,  where  it  lies  in  contact  with  the  infundi- 
bulum, is  produced  laterally  into  a pair  of  highly  vascular 
membranous  sacs,  called  the  sacci  vasculosi. 

The  roots  of  the  third  nerve  issue  in  the  middle  line  from 
the  ventral  surface  of  the  thalamencephalon  between  the 
infundibulum  and  the  pituitary. 

The  medulla  oblongata  is  narrow  in  front  and  behind. 
From  the  ventral  surface  near  the  middle  line  arise  the 
small  roots  of  the  sixth  nerve,  and  from  the  sides  arise 
successively  the  fifth,  seventh,  eighth,  ninth,  and  tenth 
nerves. 

The  Cavities  of  the  Brain 

The  original  hollows  of  the  vesicles  become  converted 
into  a series  of  ventricles  opening  into  each  other  from 
behind  forwards.  The  cavity  of  the  medulla  is  the  fourth 
Yentricle : the  restiform  bodies  are  hollow  outgrowths  of  the 
dorso-lateral  wall,  and  the  cerebellum  is  an  upgrowth  of  the 
dorsal  wall.  The  cavity  of  the  mesencephalon,  which  com- 
municates behind  with  the  fourth  ventricle,  is  narrow,  but  the 
optic  lobes  are  hollow  protuberances  of  its  dorso-lateral  wall. 
This  leads  into  the  cavity  of  the  thalamencephalon,  the  third 
Yentricle,  which  communicates  above  with  the  hollow  pineal 
body,  below  with  the  hollow  infundibulum.  This  leads  into 
the  cavity  of  the  prosencephalon,  which  is  divided  by  a 
median  partition  into  small  lateral  ventricles  which  com- 
municate with  the  hollow  olfactory  lobes. 

The  Cranial  Nerves 

These  are  of  the  greatest  importance,  because  they  cor- 
respond in  relative  position  and  partly  in  function  with  those 
in  all  the  higher  vertebrates.  If  we  allow  for  two  important 
changes,  the  nerves  from  the  brain  in  the  dog-fish  and  in 
man  are  essentially  identical.  The  first  difference  is  this  ; 
in  man,  and  in  higher  vertebrates,  the  process  of  cephalization, 
01  condensation  of  anterior  segments  to  form  a head,  has 
pioceeded  further,  and  there  are  two  additional  pairs  of 
neives  arising  from  the  posterior  part  of  the  brain  corre- 
sponding with  the  anterior  nerves  of  the  spinal  cord  in  the 
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dog-fish.  Next,  in  man  the  gill-slits  and  gill-bars,  which 
form  so  important  a part  of  the  anterior  region  of  the  dog- 
fish, are  an  evanescent  occurrence  in  very  early  embryonic 
development,  and  the  distribution,  although  not  the  origin, 
of  the  cranial  nerves  is  therefore  different  in  many  respects. 
The  cranial  nerves  of  the  dog-fish  should  be  dissected  after 
the  dorsal  surface  of  the  brain  has  been  examined.  Those  of 
one  side  only  are  described. 

I.  The  olfactory  nerves  arise  as  a bundle  of  fibres  from 
the  anterior  end  of  the  olfactory  lobes  and  pass  through 
the  membrane  separating  the  brain  from  the  cavity  of  the 
nose,  by  a series  of  holes.  The  fibres  are  distributed  to  the 
sensory  membrane  of  the  nose. 

II.  The  optic  nerves  run  from  the  chiasma,  through  the 
optic  foramen  into  the  orbit,  and  then  straight  to  the  eyeball. 

III.  The  third  nerves  or  motor  oculi  are  slender  nerves 
which  arise  from  the  ventral  surface  of  the  thalamencephalon, 
enter  the  orbit  by  a special  aperture  and  are  distributed  to 
all  the  muscles  of  the  eye,  except  the  external  rectus  and 
superior  oblique. 

IV.  The  fourth  nerves  or  pathetici  are  slender  nerves 
which  arise  from  the  dorsal  surface  of  the  mid-brain,  enter 
the  orbit  by  a small  aperture  above  that  of  the  optic  nerves 
and  pass  to  the  superior  oblique  muscle  of  the  eyeball. 

V.  The  fifth  nerves  or  trigeminal  are  the  most  anterior 
of  those  leaving  the  side  of  the  medulla  at  its  broadest  part. 
Before  leaving  the  cavity  of  the  skull  it  gives  off  the 
ophthalmic  branch,  which  enters  the  orbit  by  a special 
foramen  and  runs  forward  in  a groove  in  the  wall  of  the 
orbit  to  an  aperture  in  the  anterior  superior  angle,  by 
which  it  passes  to  the  skin  of  the  snout,  through  a canal 
between  the  olfactory  capsule  and  the  cranium.  The  main 
stem  of  the  fifth  enters  the  orbit,  sharing  a foramen  in  the 
posterior  part  of  the  orbit  with  a group  of  nerves.  It  then 
divides  into  a maxillary  branch  to  the  skin  of  the  snout  and 
upper  jaw,  and  a mandibular  branch  to  the  skin  and  to 
some  of  the  muscles  of  the  lower  jaw. 

VI.  The  sixth  nerves,  which  are  very  slender,  arise  from 
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the  ventral  surface  of  the  medulla,  enter  the  orbit  with  the 
main  branch  of  the  fifth,  and  pass  into  the  external  rectus 
muscle  of  the  eyeball. 

VII.  The  seventh  or  facial  nerves  leave  the  side  of  the 
medulla  next  behind  the  fifth.  Their  first  great  branch,  the 
ophthalmic  branch,  arises  by  a separate  root  higher  up 
the  side  of  the  medulla  than  the  main  root.  It  enters  the 
orbit  by  a separate  foramen  above  that  for  the  ophthalmic 
branch  of  the  fifth,  runs  along  the  orbit  in  a groove  also 
above  that  of  the  fifth,  leaves  the  orbit  along  with  that 
branch  of  the  fifth  and  has  a similar  distribution.  The  main 
stem  of  the  seventh  enters  the  orbit  with  the  main  stem  of 
the  fifth,  and  divides  into  a palatine  nerve,  which  runs  to 
the  roof  of  the  mouth,  and  a post-spiracular,  hyoidean,  or 
hyomandibular  nerve,  which  runs  to  the  top  of  the  spiracle 
and  forks  there,  the  anterior  and  slender  limb  of  the  fork 
splitting  up  into  several  short  branches,  while  the  posterior 
large  division  runs  down  between  the  hyoidean  and  man- 
dibular arches,  supplying  the  skin  and  muscles  of  this  region. 

VIII.  The  eighth  or  auditory  nerves  leave  the  side  of 
the  medulla  behind  the  seventh,  and  run  straight  into  the 
auditory  capsule,  to  be  distributed  to  the  sensory  parts  of 
the  internal  ear. 

IX.  The  ninth  or  glosso-pharyngeal  nerves  arise  from 
the  side  of  the  medulla  next  behind  the  auditory  nerve. 
They  run  through  a canal  in  the  base  of  the  auditory 
capsule,  and  leave  the  skull  by  a foramen  at  the  end  of 
the  post-orbital  groove,  and  then  pass  out  to  the  summit  of 
the  first  branchial  cleft,  over  which  each  one  of  the  pah- 
forks,  one  branch  running  along  the  anterior,  the  other  along 
the  posterior  border  of  the  cleft. 

X.  The  pneumogastric  or  Yagus  nerves  arise  from  the 
side  of  the  medulla  by  several  roots.  Within  the  skull  they 
run  backwards  a short  distance,  and  emerge  at  the  hind  end 
between  the  cranium  and  the  auditory  capsule.  They  then 
run  backwards  along  the  floor  of  the  anterior  cardinal  sinus. 
From  neai  their  roots  each  one  of  the  pair  gives  off  a nerve 
which  tuns  along  the  side  of  the  body  to  the  posterior  end, 
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supplying  the  sense-organs  of  the  lateral  line.  Next  each 
one  gives  off  four  branchial  nerves,  which  fork  over  the  four 
posterior  gill-slits.  The  main  stem  is  continued  as  a Yisceral 
branch  which  gives  off  a cardiac  nerve  to  the  heart  and 
a gastric  nerve  to  the  stomach. 

The  spinal  nerves  arise  in  pairs  from  the  sides  of  the 
spinal  cord.  Each  has  a dorsal  or  sensory  root  provided 
with  a ganglion  and  leaving  the  neural  canal  by  a notch 
in  the  posterior  border  of  the  intervertebral  neural  plate, 
and  a yentral  or  motor  root  which  consists  of  several  sepa- 
rate bundles  rapidly  uniting  to  leave  the  neural  canal  by  the 
notch  in  the  posterior  border  of  the  vertebral  neural  plate  ; 
it  then  joins  the  sensory  root. 

Connected  with  the  motor  roots  of  the  spinal  nerves  are 
a series  of  ganglia  which  regulate  the  viscera  and  are  known 
as  the  sympathetic  system. 

Even  in  the  dog-fish  the  process  of  cephalization  has 
obscured  the  primitive  simplicity  of  the  cranial  nerves  to 
a considerable  extent.  There  is  reason  to  believe  that  the 
cranial  nerves  represent  modifications  of  simple  segmental 
nerves,  built  on  a type  resembling  that  of  the  spinal 
nerves,  but  specially  modified  in  connection  with  the  gill- 
slits,  of  which,  in  the  typical  vertebrate,  there  were 
originally  a larger  number  than  five.  The  typical  cranial 
nerve  would  consist  of  a dorsal  sensory  root  with  a sensory 
ganglion  and  a ventral  motor  root.  But  the  suppression  and 
alteration  of  some  of  the  gill-slits,  and  the  formation  of 
mouth  and  jaws  during  the  process  of  cephalization,  has 
altered  the  primitive  simplicity. 

The  olfactory  nerve  perhaps  represents  the  dorsal  sensory 
part  of  a segmental  nerve  of  which  the  ventral  motor  part 
has  been  lost. 

The  optic  nerves  are  really  not  cranial  nerves  at  all,  but 
are  special  outgrowths  of  the  brain. 

The  third  nerve  has  its  sensory  part  degenerate  and 
formed  only  by  a few  fibres  to  the  integument  on  the  side  of 
the  orbit.  The  motor  root  gives  rise  to  the  nerves  for  the 
eyeball  muscles, 
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The  fourth  nerve  has  a few  fibres  to  the  conjunctiva,  as 
degenerate  sensory  part.  The  motor  part  is  the  nerve  to 
the  superior  oblique  muscle. 

The  fifth  and  sixth  nerves  together  represent  probably 
a single  primitive  nerve  which  has  been  considerably  ex- 
tended. The  first  and  second  branches  are  chiefly  sensory, 
and  represent  the  sensory  part  which  has  been  extended 
to  supply  missing  sensory  portions  of  the  third  and  fourth 
nerves.  The  sixth  nerve  and  the  third  branch  of  the  fifth 
represent  the  motor  part  of  the  segmental  nerve.  It  is 
possible,  however,  that  this  group  represents  two  segmental 
nerves. 

The  seventh  also  is  a complete  nerve,  of  which  the 
ophthalmic  branch  forms  the  sensory  portion,  as  in  the 
dog-fish  the  hyomandibular  branch  contains  both  sensory 
and  motor  fibres,  although  in  higher  animals  the  motor 
part  alone  is  retained. 

The  eighth  nerve  is  the  sensory  part  of  a nerve  of  which 
the  motor  branch  has  been  lost. 

The  ninth  nerve  has  the  sensory  portion  degenerate,  while 
the  forks  over  the  anterior  gill-cleft  represent  the  motor  part. 

The  tenth  nerve  represents  probably  several  segmental 
nerves  fused  together.  The  nerve  to  the  lateral  line  repre- 
sents the  sensory  part,  while  the  forks  over  the  gill-clefts  and 
the  visceral  nerves  represent  the  motor  part,  though  they 
also  contain  sensory  fibres. 

The  Sense-organs 

Sense  organs  of  the  mucous  canals.  These  canals, 
which  ramify  on  the  head  and  along  the  lateral  line,  are 
seen  from  the  exterior  as  a series  of  minute  apertures  from 
which  mucus  may  be  pressed  out.  Lying  in  the  canals  are 
a set  of  sense  organs  consisting  of  epithelial  patches,  each 
connected  with  the  fifth  nerve  on  the  head,  and  with  the 
vagus  along  the  lateral  line.  Each  sense  organ  is  a little 
bulb  of  sense  cells  provided  with  sense  hairs,  the  bulbs 
sometimes  being  covered  by  a cuticular  dome.  From  the 
base  of  the  group  of  cells  a nerve  fibre  runs  to  the  nerve. 
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They  should  be  examined  by  cutting  and  staining  transverse 
sections  of  portions  of  the  lateral  line. 

The  nasal  organs.  On  the  ventral  surface,  shallow, 
curved  grooves  lead  from  the  angles  of  the  mouth  to  the 
apertures  of  the  nasal  capsules.  The  apertures  of  the  nasal 
organ  lead  into  a pair  of  large  sacs,  which  should  be  cut 
open  and  washed  out.  The  sac  is  lined  by  mucous  mem- 
brane thrown  into  folds  and  containing  groups  of  sensory 
cells  which  are  supplied  by  branches  of  the  olfactory  nerve. 
The  nasal  organs  in  elasmobranchs,  unlike  those  of  higher 
animals,  are  purely  sensory,  and  are  unconnected  with 
respiration. 

The  eyes.  The  eyeball  is  a hollow  sac  with  a cartilagin- 
ous outer  coat,  the  sclerotic,  to  which  six  muscles  run  from 
the  walls  of  the  orbit.  Four  recti  muscles  run  from  the 
posterior  wall  of  the  orbit  and  diverge  as  they  approach  it. 
The  rectus  superior  is  inserted  on  the  dorsal  surface,  the 
rectus  inferior  on  the  ventral  surface,  the  rectus  externus 
on  the  outer  and  posterior  surface,  the  rectus  internus 
on  the  inner,  more  anterior  surface  of  the  eyeball. 

The  oblique  muscles  run  backwards  from  the  anterior 
wall  of  the  orbit,  the  obliquus  superior  being  inserted  on 
the  dorsal,  the  obliquus  inferior  on  the  ventral  surface  of 
the  eyeball,  the  insertions  being  immediately  in  front  of  the 
superior  and  inferior  recti. 

The  eyeball  should  be  removed,  by  cutting  through  the 
optic  nerve  and  the  attachments  of  the  muscles,  then  opened 
by  cutting  it  into  an  inner  and  outer  half  with  a razor.  1 he 
halves  must  be  examined  under  water.  The  sclerotic  coat 
is  a thin  cartilaginous  layer  which  usually  articulates  by  a 
knob,  near  the  entrance  of  the  optic  nerve,  with  a corre- 
sponding depression  in  the  posterior  wall  of  the  orbit.  The 
anterior  part  of  the  sclerotic  is  transparent,  and  forms  the 
cornea,  through  which  light  reaches  the  interior  of  the  ball. 
It  is  nearly  flat  exteriorly,  this  being  a characteristic  feature 
of  aquatic  animals.  The  choroid  is  an  opaque,  black,  deeply 
pigmented  layer  lying  closely  applied  to  the  inner  side  of  the 
sclerotic.  It  contains  a plexus  of  blood-vessels.  The  layer 
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turned  towards  the  light  is  covered  by  a dense  glistening 
surface,  the  tapetum.  The  choroid  is  incomplete  in  front, 
leaving  a circular  area  opposite  the  cornea.  This  forms  the 
pupil  of  the  eye,  and  is  surrounded  by  a layer  called  the 
argentea,  filled  with  clear,  glancing  crystalline  bodies.  The 
retina  forms  the  innermost  layer  of  the  eyeball.  It  is  a soft, 
thick  layer  continuous  with  the  optic  nerve  behind,  which 
passes  through  the  three  coats  of  the  eyeball.  The  retina 
is  the  part  of  the  eye  sensitive  to  light,  and  in  develop- 
ment arises  from  that  outgrowth  of  the  thalamencephalon 
known  as  the  optic  vesicle. 

The  lens  is  a globular,  transparent  body  occupying  the 
front  part  of  the  eyeball.  In  the  dog-fish,  as  in  other  aquatic 
animals,  it  is  more  spherical  than  in  terrestrial  animals.  The 
cavity  of  the  eyeball  behind  the  lens  is  filled  by  a small 
amount  of  Yitreous  humour,  which,  like  the  lens,  is 
refractive,  and  aids  the  lens  in  focusing  the  light  upon 
the  retina. 

The  Ear. 

A primitive  ear  is  an  organ  for  registering  vibrations  rather 
than  for  what  we  know  as  sound.  In  its  simplest  form,  as 
found  in  some  invertebrate  animals,  it  consists  of  a pouch  of 
the  skin  opening  to  the  exterior  by  a narrow  aperture,  and 
provided  with  cells  communicating  with  a sensory  nerve  by 
their  inner  ends,  while  on  their  outer  surfaces  sensory  hairs 
project  into  the  cavity.  The  water  in  which  the  animals  live 
has  access  to  the  cavity  from  the  outside,  and  in  the  cavity 
lie  several  small  particles  of  stone,  which  either  have  come 
there  accidentally  or  have  been  formed  as  limy  secretions  by 
the  cells  of  the  cavity.  Vibrations  in  the  water  cause  these 
stones  or  otoliths  in  the  cavity  to  stimulate  the  sensory  hairs, 
and  the  stimuli  are  transmitted  by  the  nerves  to  the  nerve 
centres.  In  vertebrates  the  ears  first  appear  as  little  cavities 
of  this  kind  open  to  the  exterior,  and  lined  by  sensory  cells 
which  communicate  with  nerves.  But  in  subsequent  de- 
velopment the  auditory  pouches  sink  deep  into  the  cartilage 
of  the  skull,  and  the  connection  with  the  exterior  in  most 
cases  disappears. 
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The  ear  of  the  dog-hsh  consists  of  a membranous  sac,  the 
Yestibule,  from  which  arise  three  semicircular  canals,  con- 
tained in  hollows  of  the  cartilaginous  auditory  capsule.  It 
must  be  examined  by  gradually  paring  away  the  cartilage  of 
the  capsule  from  above  downwards.  When  the  skin  has 
been  removed  from  the  surface  of  the  capsule  there  is  at 
once  visible  a prominent  anterior  ridge  which  lodges  the 
anterior  canal,  and  a posterior  ridge  for  the  posterior  canal. 
Between  these  two  is  a small  aperture  which  leads  into  a 
tube,  the  aqueductus  Yestibuli,  which  opens  into  the  vesti- 
bule. It  is  not  known  to  have  any  function  in  the  adult 
animal,  but  is  the  remains  of  the  original  invagination  of  the 
outer  skin  which  was  the  starting-point  of  the  ear. 

The  Yestibule  is  a membranous  sac  lying  loosely  in  the 
cartilaginous  capsule,  and  partly  divided  into  a lower  portion 
or  sacculus,  and  an  upper  portion  or  utriculus  which 
receives  the  ends  of  the  semicircular  canals.  It  contains 
calcareous  concretions. 

Each  semicircular  canal  opens  into  the  utriculus  by  an 
expansion,  the  ampulla,  then  curves  through  the  cartilage, 
and  at  its  other  end  again  opens  into  the  utriculus.  The 
ampulla  of  the  anterior  vertical  canal  is  close  to  the  orbit  in 
the  front  end  of  the  capsule  ; its  hinder  end  opens  into  a 
dorsal  protuberance  about  the  middle  of  the  utriculus.  Into 
the  same  protuberance  opens  the  anterior  end  of  the  pos- 
terior vertical  canal,  which  is  much  longer,  and  bends  down 
behind  the  utriculus  until,  nearly  completing  a circle,  it 
enters  that  by  an  ampulla  at  the  posterior  end.  The  ampulla 
of  the  horizontal  canal  opens  near  that  of  the  anterior 
vertical  canal.  The  horizontal  canal  then  curves  outwards 
in  a lateral  expansion  of  the  capsule,  and,  completing  the 
half  circle,  enters  the  utricle  near  the  ampulla  of  the  posterior 
vertical  canal.  The  auditory  nerve,  which  enters  the  capsule 
on  the  side  turned  to  the  skull,  breaks  up  into  branches 
which  pass  to  the  ampullae  and  to  the  vestibule. 
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THE  FROG 

THE  frogs  and  toads  belong  to  a group  of  vertebrates 
known  as  Amphibia,  and  are  specially  characterized  by 
the  fact  that  their  respiration  is  effected  both  by  gills  and  by 
lungs.  In  them  all  the  gills  appear  first.  In  some  of  the 
lower  amphibia  the  gills  persist  even  after  the  lungs  have 
come  into  use.  In  most  cases  the  gills  are  confined  to  a 
larval,  fully  aquatic  stage,  the  tadpole  stage  in  the  frog,  while 
the  lungs  are  the  organs  of  respiration  in  the  adult  condition. 
In  the  larval  condition,  and  in  the  adults  of  some  forms  like 
! newts,  there  is  a fish-like  lateral  line  with  sensory  organs,  and 
unpaired  dorsal,  ventral,  and  caudal  fins.  In  the  frogs  and 
toads  these  disappear  in  the  adult,  and  locomotion  is  effected 
by  jointed  fore  and  hind  limbs,  which,  unlike  the  paired  fins 
of  fishes,  are  broken  up  into  arms,  wrists,  and  hands,  or  legs, 
ankles,  and  feet,  and,  like  the  paired  fins,  are  attached  to  the 
pectoral  and  pelvic  girdles. 

There  are  probably  several  species  of  frogs  native  to  this 
country.  Of  these  the  most  common  is  the  grass  frog,  Rana 
1 temporaria,  which  may  be  distinguished  at  once  by  a large 
. black  patch  in  the  temporal  region  between  the  eye  and  the 
shoulder.  Rana  esculenta,  the  green  water  frog,  is  usually 
: lighter  in  colour,  and  is  a larger  animal.  It  is  not  so 
I abundant  in  this  country,  or  from  its  more  aquatic  habits  is 
less  often  obtained.  The  colour  of  the  skin  in  both  species 
is  due  to  the  presence  of  branching  cells  loaded  with 
pigment.  Under  the  influence  of  light,  and  apparently  of 
differences  in  the  colour  of  the  environment,  these  pigment 
corpuscles  change  in  shape  and  distribution,  so  that  the 
resulting  colours  more  or  less  correspond  to  the  col  Durs  of 
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the  environment.  These  changes  are  to  a certain  extent 
under  the  influence  of  the  central  nervous  system,  and  frogs 
which  have  been  blinded  are  stated  not  to  undergo  them. 

External  Characters 

The  body  is  divided  into  a head,  trunk,  and  limbs.  The 
skin  is  moist  and  smooth  and  devoid  of  hairs  or  scales.  The 
mucus,  secreted  by  the  skin,  is  harmless  in  frogs.  In  the 
nearly  allied  toads  it  is  slightly  poisonous  and  irritant.  In 
both  cases  it  serves  as  a protection  against  the  attacks  of 
other  animals,  especially  of  such  marauding  insects  as  ants  in 
the  case  of  the  land  forms,  and  against  parasitic  ticks  and 
growths  of  hydroids  in  the  aquatic  stages.  The  head  is  flat 
and  triangular  ; at  each  side  it  bears  the  large  eyes  protected 
by  an  upper,  fixed  eyelid  and  a lower,  transparent,  movable 
eyelid.  Behind  the  eye  on  each  side,  in  Rana  temporaria  in 
the  middle  of  the  black  temporal  patch,  is  a flat  circular 
membrane,  stretched  tightly  over  a marginal  ring.  This  is 
the  tympanic  membrane. 

Apertures.  The  mouth  is  a wide  horizontal  slit  at  the 
anterior  end.  The  external  nostrils  are  a pair  of  small 
apertures  on  the  dorsal  surface  of  the  head  near  the  anterior 
end,  which  during  life  are  constantly  being  opened  and 
closed.  The  cloacal  aperture  is  a small  hole  at  the  posterior 
end  of  the  trunk,  between  the  legs,  but  on  the  dorsal  rather 
than  the  ventral  surface  of  the  body. 

Buccal  cavity.  This  must  be  opened  widely  and  washed 
out.  If  the  frog  has  just  been  killed  some  of  the  cells  should 
be  scraped  off  the  posterior  part  of  the  roof  and  examined  in 
water  under  the  microscope,  that  their  ciliary  motion  may  be 
seen. 

The  maxillary  teeth  are  a single  row  of  small  teeth  lining 
the  edge  of  the  upper  jaw  ; the  lower  jaw  is  devoid  of  teeth. 
The  vomerine  teeth,  in  Rana  esculenta,  are  arranged  in  two 
small  clusters  on  the  roof  of  the  mouth  between  the  internal 
nasal  openings.  In  Rana  temporaria  they  are  smaller,  and 
form  oblique  patches  diverging  in  front,  but  in  the  same 
region. 
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The  posterior  nares  are  two  small  apertures  in  the  roof  of 
the  mouth  communicating  with  the  exterior  through  the 
external  nostrils. 

The  eustachian  tubes  (Fig.  58,  e)  are  recesses  in  the  sides 
of  the  posterior  part  of  the  roof  of  the  mouth.  They  lead 
into  the  cavity  under  the  tympanic  membrane. 

The  eyeballs  may  be  seen  projecting  into  the  cavity  of  the 
mouth  at  each  side. 

The  tongue  is  a thin  fleshy  protuberance  attached  to  the 
fiont  pait  of  the  floor  of  the  mouth,  and  forked  at  its  ex- 
tremity. In  the  condition  of  rest  it  lies  folded  back  on  the 
floor  of  the  mouth,  but  may  be  shot  out  forwards. 

The  glottis,  by  which  air  passes  through  the  larynx  into 
the  lungs,  is  a longitudinal  slit  in  the  floor  of  the  posterior 
pait  of  the  mouth,  and  is  supported  laterally  by  the  aryte- 
noid cartilages.  J 


The  skeleton  of  the  frog  should  be  studied  before  the 
dissection  of  the  viscera  is  undertaken.  The  sk«lA*AA  A f V»  A 
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brae  fused  together.  Thus  the  vertebral  column  of  the  frog 
exhibits  not  only  segmentation,  but  the  partial  fusion  and 
telescoping  of  some  of  the  segments.  Each  of  the  vertebrae 
bears  a dorsal  or  neural  arch,  supported  upon  the  centrum. 
This  arch  encloses  the  spinal  cord  and  carries  a short  back- 

wardly  directed  neural  spine 
above,  and  at  each  side  a hori- 
zontal articular  process.  Each 
of  the  articular  processes  has 
two  articular  facets  ; the  ante- 
rior facet  or  pre-zygapophysis 
looks  upwards,  the  posterior 
facet  or  post-zygapophysis 
downwards,  and  the  downward 
facets  of  one  vertebra  overlap 
the  upward  facets  of  the  vertebra 
next  behind.  Each  vertebra, 
except  the  first,  or  atlas,  has  at 
each  side  a stout  transverse 
process,  with  which  is  indistin- 
guishably  fused  a short  vestige 
of  a rib.  The  transverse  pro- 
cesses of  the  last  free  vertebra 
are  very  stout,  and  at  their  outer 
ends  articulate  with  the  tips  of 
the  iliac  bones.  It  is  therefore 
called  the  sacral  vertebra. 

The  urostyle  has  a dorsal 
ridge  for  the  first  half  of  its 
the  neural  canal 
extends  into  it  for  about  the 
same  distance. 


Fig.  55. — I.  Three  anterior  verte- 
brae of  frog  from  dorsal  aspect.  1. 

Atlas;  2 and  3,  second  and  third 
vertebrae.  S.  Spine.  R.  Ribs.  P. 

Posterior  down-turned  face  of 
articular  process.  A.  Anterior  up- 
turned face.  C.  Centrum. 

IL  Hyoid  of  frog.  H.  Body  of  length,  and 
hyoid.  A.C.  Anterior  cornu.  P.C. 

Posterior  cornu. 


The  skull  of  the  frog  is  at  first  sight  very  different  from 
that  of  the  dog-fish,  but  careful  study  of  the  tadpole,  the  fish- 
like or  larval  stage  of  the  frog,  has  shown  that  in  the  course  of 
development  the  skull  passes  through  a cartilaginous  stage 
in  which  it  is  a shallow  box  imperfect  above,  with  nasal  cap- 
sules fused  to  it  in  front,  and  with  ear-capsules  fused  to 
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it  behind,  leaving  a scooped-out  hollow  at  the  sides  to 
form  orbits  for  the  eyes.  Behind  and  below  this  primary 
cranium  is  a series  of  gill-arches.  The  changes  from  this 
dog-fish  like  condition  to  the  adult  condition  are  com- 
paratively simple.  The  jaws,  which  in  the  dog-fish  are 
entirely  under  the  skull,  and  do  not  reach  the  anterior 
end,  are  in  the  frog  expanded  into  great  half-hoops,  which 
project  outwards  beyond  the  cranium  in  front  and  behind. 
They  are  therefore  so  much  wider  than  the  skull  that 
the  suspensorium  for  the  lower  jaw  is  formed  by  struts 
thrown  outwards  from  the  region  of  the  auditory  capsule 
to  serve  as  articular  supports.  These  are  known  as  the 
quadrate  cartilages.  The  upper  jaw  in  front,  instead  of  being 
merely  slung  to  the  base  of  the  skull  by  ethmopalatine  liga- 
ments, is  firmly  united  with  the  base  of  the  skull  and  behind 
it  is  fused  with  the  auditory  capsule.  So  far,  the  skull  may 
be  compared  in  shape  to  a cross-bow.  The  cartilaginous 
cranium  and  the  vertebral  column  behind  it  represent  the 
line  of  the  stock  of  the  bow.  The  upper  and  lower  jaws 
represent  the  actual  bow  when  bent  to  a half-hoop,  and  the 
struts,  running  out  from  the  hind  end  of  the  auditory  cap- 
sules to  the  angles  of  the  jaw,  represent  the  string  of  the 
bow. 

The  Yisceral  arches,  except  the  first  or  oral  arch  which 
forms  the  jaws,  are  united  together  to  form  a flat  plate,  the 
hyoid  plate,  which  lies  under  and  between  the  lower  jaws. 

Next,  definite  cartilage  bones  are  formed  in  various  regions 
of  the  cartilaginous  skull,  and  lastly  various  membrane  bones, 
really  formed  by  the  ossification  into  flat  plates  of  the  bony 
bases  of  scale-teeth,  like  those  of  the  dog-fish,  are  plastered 
over  the  underlying  structures  in  various  regions. 

The  description  to  follow  should  be  compared  carefully 
with  a prepared  skull  ; then  the  skull  of  a freshly  killed  frog- 
should  be  skinned,  plunged  for  a few  minutes  in  nearly  boil- 
ing  water,  and  caiefully  cleaned  by  brushing  and  scraping. 
The  membrane  bones  should  first  be  examined  and  removed, 
and  then  the  general  structure  of  the  cartilage  and  the  car- 
tilage bones  studied. 
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Membrane  Bones  of  the  Skull. — The  fronto-parietals 

(Fig-  57,  F.P)  are  a pair  of  elongate  flat  plates,  united  by  a 
suture  along  the  middle  line,  and  forming  the  roof  of  the 
greater  part  of  the  brain  case. 

The  nasals  (N)  are  a pair  of  flat  triangular  bones  lying 
behind  the  nostrils,  on  the  front  part  of  the  roof  of  the  skull. 
The  squamosals  (S)  are  a pair  of  T-shaped  bones  behind 


Fig.  56. — Skull  of  frog  (cartilage  dotted,  membrane  bones  light,  cartilage 
bones  darker).  Ventral  view  : membrane  bones  of  the  right  side  of  the  skull 
stripped  off.  P.  Premaxilla.  M.  Maxilla.  J.  Quadrato-Jugal.  Pt.  Pterygoid 
with  cartilaginous  pterygoid  below  it.  PI.  Palatine.  V.  Vomer.  P.0.  Pro- 
otic.  Par.  Parasphenoid.  E.O.  Exoccipital.  Q.  Quadrate  (suspensorium). 
E.  Sphenethmoid.  (Partly  after  Ecker.) 


and  to  the  inside  of  the  tympanic  membrane.  The  long  arm 
of  the  T projects  outwards  and  backwards,  and  forms  the 
dorsal  covering  of  the  suspensorium  or  quadrate.  One  end 
of  the  cross-limb  of  the  T reaches  the  posterior  edge  of 
the  top  of  the  skull,  the  other  projects  outwards  and  forwards. 

The  premaxillary  bones  (P)  are  two  bones  united  in  the 
middle  line,  and  together  forming  the  anterior  part  of  the 
upper  jaw.  Each  consists  of  a lower  plate  bearing  a single 
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row  of  teeth,  and  an  ascending  process  which  forms  a mov- 
able articulation  with  the  nasal  cartilage. 

The  maxillae  (M)  are  two  elongated  curved  bones,  each  of 
which  unites  in  front  with  one  of  the  premaxillae,  and  so 
continues  the  outline  of  the  upper  jaw.  Behind,  the  maxillae 
unite  with  the  quadrato-jugals,  which  overlap  them  on  the 
outer  side.  The  maxillae  bear  a single  row  of  teeth  which 
are  fused  to  the  jaw. 

The  quadrato-jugals  (Fig.  56,  J)  are  a pair  of  slender  bones 


Fig.  57. — Skull  of  frog  (cartilage  dotted,  membrane  bones  shaded  light, 
cartilage  bones  darker).  Dorsal  view  : membrane  bones  of  right  side  stripped 
off.  P.  Premaxilla.  M.  Maxilla.  S.  Squamosal.  F.P.  Fronto-parietal  (in 
the  figure  the  F and  the  P are  widely  separated,  one  lying  above  the  other). 
N.  Nasal.  E.  Sphenethmoid.  E.O.  Ex-occipital.  P.0.  Pro-otic.  (Partly 
after  Ecker.) 

which  complete  the  outline  of  the  upper  jaw  behind  ; their 
broader  posterior  ends  form  part  of  the  articular  surface 
for  the  lower  jaw.  They  have  no  teeth. 

The  parasphenoid  (par)  is  a dagger-shaped  bone  which 
lies  on  the  under  surface  of  the  skull,  nearly  opposite  the 
fronto-parietals.  The  handle  of  the  dagger  is  very  short, 
and  nearly  reaches  the  lower  edge  of  the  foramen  magnum. 
The  guard  or  cross-piece  underlaps  the  auditory  capsule 
of  each  side.  The  blade  points  forwards  and  ends  in  the 
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middle  line,  on  a level  with  the  front  of  the  orbits  ; it 
supports  the  base  of  the  brain  case. 

The  Yomers  (Fig.  56,  V)  are  a pair  of  small  bones  on  the 
under  surface  of  the  front  part  of  the  skull,  just  behind 
the  internal  nostrils,  and  so  nearly  opposite  the  nasals. 
Each  bears  a small  spur  which  carries  teeth. 

The  palatines  (PI)  are  a pair  of  small  narrow  bones  on 
the  under  surface  running  at  right  angles  to  the  long  axis 
of  the  skull  from  behind  the  vomers  to  the  maxillae. 

The  pterygoids  (Fig.  56,  Pt)  are  a pair  of  curved,  three- 
armed bones  partly,  but  not  wholly,  of  membranous  origin. 
The  shortest  arm  is  internal,  and  ends  beside  the  front  edge 
of  the  guard  of  the  parasphenoid.  The  longest  arm  runs 
forwards  and  meets  the  outer  tip  of  the  palatine,  and  for 
some  distance  behind  this  is  in  contact  with  the  inner  edge 
of  the  maxilla,  but  leaves  the  maxilla  before  that  meets  the 
quadrato-jugal.  The  third  or  outer  arm  runs  from  the 
junction  of  the  inner  and  anterior  arms  along  the  ventral 
surface  of  the  suspensorium,  and  its  tip  forms  a small  part 
of  the  articular  surface  for  the  lower  jaw. 

The  lower  jaw  is  formed  of  two  bones  ensheathing  the 
primary  Meckel’s  cartilage.  The  angulosplenial  bone  at 
each  side  forms  the  inner  and  lower  part  of  the  lower 
jaw.  The  dentary  of  each  side  forms  the  outer  part  of 
the  lower  jaw  in  front  of  the  angulosplenial,  but  the  two 
dentaries  do  not  meet  in  front.  They  are  separated  by  a 
small  ossification,  called  the  Mentomeckelian,  at  the  point 
where  the  two  Meckel’s  cartilages  unite  at  the  chin.  Not- 
withstanding their  name,  the  dentaries  do  not  carry  teeth 
in  the  frog. 

When  these  membrane  bones  have  been  stripped  off, 
the  true  cartilaginous  skull  becomes  visible.  It  is  seen  to 
be  an  unsegmented  cartilaginous  tube  with  the  cartilaginous 
sense  capsules  fused  to  it  in  front  and  at  the  sides.  It  is 
imperfect  above,  there  being  under  the  fronto-parietals  one 
large  anterior  fontanelle  and  two  small  posterior  fontanelles. 
In  three  regions  the  cartilage  of  the  skull  is  replaced  by 
cartilage  bones. 
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Cartilage  and  Cartilage  Bones  of  the  Skull. — The  ex- 
occipitals  (EO)  are  two  irregular  bony  masses  at  the  pos- 
terior end  of  the  skull,  almost  completely  surrounding  the 
foramen  magnum.  On  their  posterior  faces  they  bear  the 
occipital  condyles,  two  oval  convex  processes  which  articu- 
late with  the  atlas  or  first  vertebra. 

The  pro-otics  (PO)  are  a pair  of  irregular  bones,  forming 
part  of  the  anterior  walls  and  the  roof  and  floor  of  the 
auditory  capsules. 

The  sphenethmoid  (E)  or  girdle  bone  is  a bony  tube 
forming  the  anterior  end  of  the  cranium  ; it  extends  forwards 
into  the  olfactory  region.  It  is  provided  with  a vertical  bony 
partition  which  separates  the  cavities  for  the  right  and 
left  olfactory  lobes  of  the  brain. 

The  upper  jaw  primarily  consists  entirely  of  a cartila- 
ginous arch,  the  palato-pterygoid  cartilage,  which  second- 
arily becomes  overlaid  and  extended  by  the  membrane  bones 
which  have  been  described,  namely,  the  palatines,  pterygoids, 
premaxillae,  maxillae,  and  quadrato-jugals.  The  definitive 
and  functional  upper  jaw  is  composed  of  the  last  three 
bones,  the  palatines  and  pterygoids  forming  its  palate 
element. 

The  lower  jaw  also  is  primarily  a cartilaginous  arch  over- 
laid by  membrane  bones.  The  upper  part  of  the  arch  at 
each  side  is  a rod  of  cartilage,  the  quadrate,  which  forms 
the  suspensorium  by  which  the  jaw  is  suspended  to  the 
skull.  The  upper  end  of  this  is  fused  with  the  auditory 
capsule,  and  runs  downwards  and  backwards  to  the  angle 
of  the  mouth,  where  the  quadrato-jugal  meets  it.  The 
squamosal  and  pterygoid  bones  cover  it,  and  the  palato- 
pterygoid  cartilage  meets  it.  The  lower  part  of  the  arch, 
that  which  runs  parallel  to  the  upper  jaw,  at  each  side 
forms  what  is  called  Meckel’s  cartilage.  The  inner  and 
lower  surface  of  this  is  ossified  as  the  angulosplenial  bone, 
while  another  small  bone,  the  mentomeckelian,  lies  at  the 
point  wheie  the  lower  jaws  of  each  side  meet  in  front. 
Upon  its  outer  surface,  at  the  anterior  end,  it  is  covered  by 
the  dentary  bone. 
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In  the  frog  the  gill-arches  are  greatly  modified,  owing 
to  the  disappearance  of  the  gill-slits  in  the  adult  condition. 

The  first  or  mandibular  arch  forms  the  quadrate  and 
the  upper  and  lower  jaws. 

The  tip  of  the  second  or  hyoid  arch  at  each  side  is 
separated  off  to  form  the  columella  or  ear-bone.  This  is 
a rod  partly  bony,  partly  cartilaginous,  the  inner  end  of 
which  is  inserted  into  the  fenestra  OYalis,  a cavity  in  the 
outer  wall  of  the  auditory  capsule.  The  other  end  of 
the  columella  runs  out  to  be  attached  to  the  inner  side  of 
the  tympanic  membrane. 


Fig.  58. — Diagrammatic  section  through  head.  Skeleton  closely  dotted. 
B.  Brain.  L.  Internal  ear  with  membranous  labyrinth  (very  diagrammatic).  C. 
Columella.  T.  Tympanic  membrane.  R.  Annulus  tympanicus.  E.  Eustachian 
tube.  m.  Mouth,  h.  Hyoid,  a.  Upper  jaw.  b.  Lower  jaw. 

The  rest  of  the  hyoid  arch  and  the  remains  of  the 
branchial  arches  are  fused  into  a median  ventral  plate  with 
anterior  and  posterior  horns,  which  lies  in  the  floor  of 
the  mouth  between  the  lower  jaws.  The  anterior  cornua 
are  a pair  of  slender  rods  of  cartilage  attached  by  their 
lower  ends  to  the  median  plate,  and  by  their  upper  ends 
to  the  auditory  capsule  just  below  the  attachment  of  the 
columella.  The  posterior  cornua  are  a pair  of  stout  bony 
processes  diverging  backwards  from  the  hinder  boidei  of 
the  body  of  the  hyoid. 
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Skeleton  of  the  Limb  Girdles.— The  pectoral  girdle  con- 
sists of  two  half-loops  of  cartilage  united  by  ligament  at 
their  upper  ends  to  the  vertebral  column,  and  by  their 
lower  ends  to  the  sternum.  Each  is  divided  by  the  ai  ticulai 
cavity  for  the  limb  bone  into  an  upper  or  scapular  and 
a lower  or  coracoid  portion. 

The  scapular  part  consists  of  a broad,  cartilaginous  plate 
above,  the  supra-scapula,  and  a lower  narrower  bony 
portion,  the  scapula,  which  runs  down  to  the  articular  cavity. 
The  coracoid  consists  of  an  anterior  and  posterior  portion 
separated  by  the  coracoid  foramen.  The  anterior  part  is 
the  precoracoid,  a slender  bar  of  cartilage  which  is  covered 
by  the  clavicle,  a membrane  bone.  The  posterior  part,  or 
coracoid  proper,  is  a stout  bone,  narrow  in  the  middle,  and 
stretching  from  the  scapula  to  a wide  attachment  to  the 
sternum.  In  the  mid-ventral  line,  between  the  coracoids,  are 
two  small  rod-like  cartilages,  which  become  fused  together 
and  calcified.  They  are  called  the  epicoracoids. 

I The  sternum  is  a median  flattened  portion  composed  of 
two  segments  lying  in  the  ventral  body-wall  ; one  is  situated 
in  front  and  the  other  behind  the  middle  line  of  the  shoulder 
girdle.  The  anterior  segment  consists  of  a basal  slender  rod 
of  bone,  called  the  omosternum,  and  of  a thin,  small,  flat 
plate  of  cartilage,  the  episternum,  attached  at  its  end.  The 
posterior  segment,  or  sternum  proper,  is  composed  of  a broad 
bony  rod,  the  sternum,  and  of  a flattened,  expanded  plate  of 
cartilage,  the  xiphisternum.  Both  the  episternum  and  the 
xiphisternum  are  bilobed  at  their  free  extremity.  This  bi- 
fidity  is  indicative  of  the  originally  paired  nature  of  the 
sternum.  It  arises  in  the  tadpole  as  a pair  of  cartilaginous 
plates,  which  ultimately  meet  and  fuse  together  along  their 
opposing  edges.  In  some  Amphibia  this  fusion  does  not  occur 
and  the  sternum  is  paired  throughout  life.  Clearly,  the 
sternum  of  the  frog  cannot  be  compared  to  that  of  the 
Mammal.  In  the  latter  it  is  formed  from  the  upturned 
terminations  of  the  sternal  ends  of  the  ribs,  which  become 
separately  ossified  to  form  a double  row  of  bones,  the 
sternabrse.  these  subsequently  fuse  and  form  the  sternum. 
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The  pelvic  girdle  of  the  frog  is  much  modified  in  associa- 
tion with  the  jumping  habits  of  the  animal.  Instead  of  being 
at  right  angles,  it  makes  an  acute  angle  with  the  backbone, 
and  lies  nearly  parallel  with  it.  On  the  outer  surface  at  each 
side  the  girdle  is  divided  by  the  acetabulum,  the  articular 
surface  for  the  limb,  into  an  upper  or  iliac  portion  and  a 
lower  or  ischio-pubic  portion. 

The  ilium  forms  the  upper  portion  of  the  arch  at  each 
side.  Its  anterior  end  is  attached  to  the  broadened  transverse 
process  of  the  sacrum.  Its  posterior  end  forms  part  of  the 
acetabulum,  and  the  two  ilia  meet  together  at  their  inner 
posterior  ends  to  form  the  iliac  symphisis.  The  ilium  is 
bony. 

The  ischio-pubic  or  ventral  portion  of  the  girdle  consists 
of  a posterior  part,  the  ischium,  corresponding  to  the  coracoid, 
and  an  anterior  portion,  the  pubes,  corresponding  to  the 
pre-coracoid.  These  are,  however,  closely  united  together, 
and  with  the  hinder  end  of  the  ilia.  The  three  elements 
contribute  nearly  equally  to  the  formation  of  the  acetabulum. 

The  ischium  forms  the  posterior  part  of  the  ventral  division 
of  the  girdle  at  each  side.  The  ischia  form  a large  part  of 
the  acetabulum,  and  the  two  are  united  in  the  middle  line 
to  form  the  ischial  symphysis. 

The  pubes  form  the  anterior  portions  of  the  ventral  division 
of  the  girdle.  They  are  fused  in  the  middle  line  in  the  pubic 
symphysis,  and  they  form  a smaller  part  of  the  acetabula. 

Skeleton  of  the  Limbs. — The  limbs  of  all  Vertebrates  which 
possess  them  are  built  on  the  same  general  plan.  The  typical 
structure  consists  of  an  upper  rod,  the  humerus  (in  arm)  or 
femur  (in  leg),  articulated  at  the  upper  end  with  the  girdle. 
Then  follow  two  parallel  rods,  the  radius  (arm),  or  tibia 
(leg),  on  the  side  next  the  body,  and  the  ulna  (arm)  or  fibula 
(leg)  on  the  side  remote  from  the  body.  Next  come  three 
rows  of  small  bones,  carpals  (wrist),  tarsals  (ankle).  The 
first  row  has  three  bones.  In  the  wrist  these  are  the 
radiale,  at  the  end  of  the  radius,  the  intermedium,  and 
the  ulnare  at  the  end  of  the  ulna.  In  the  ankle  they  are 
the  tibiale  at  the  end  of  the  tibia,  the  intermedium,  and  the 
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fibulare  at  the  end  of  the  fibula.  The  second  low  consists 
of  one  bone,  the  centrals  ; in  the  ankle  this  is  sometimes 
called  the  naviculare.  The  third  row  of  five  bones  is  called 
the  distal  carpals  in  the  wrist  and  distal  tarsals  in  the 
ankle.  Then  follow  the  digits  of  the  hand  or  foot,  numbered 
one  to  five,  beginning  with  the  thumb 
or  great  toe,  which  is  on  the  inside 
and  opposite  the  radius  or  tibia.  Each 
digit  has  a long  bone  named  the  meta- 
carpal in  the  hand  and  metatarsal 
in  the  foot,  and  a number  of  short 
joints,  the  phalanges. 

The  arms  or  legs  of  all  vertebrates 
are  based  upon  this  type.  In  a very 
few  cases  the  number  of  digits  is  in- 
creased, the  increase  taking  place  on 
either  side.  In  most  cases  the  change 
from  the  type  consists  in  the  reduc- 
tion of  the  number  of  the  digits  and 
in  the  fusion  of  the  bones  in  some  of 
the  rows.  In  order  to  compare  any 
animal  with  the  type  it  should  be  put 
in  the  primitive  position.  For  in- 
stance, in  the  case  of  man,  the  primi- 
tive position  of  the  limbs  is  attained 
when  one  stoops  down  on  the  hands 
and  feet,  as  if  one  were  licking  up 
water  from  a pool.  Then  the  elbows 
project  outwards  and  backwards,  the 
thumbs  point  forwards,  being  on  the 
inside  of  the  hands,  and  the  radius 
also  lies  on  the  inside  of  the  arm. 

Frog.— Skeleton  of  the  forelimb.  1.  Humerus.  The 
proximal  end  or  head  is  enlarged,  and  articulates  with  the 
glenoid  cavity  of  the  pectoral  girdle.  The  distal  end  has 
a lounded  surface,  with  which  the  forearm  articulates. 
2.  The  radio-ulna  corresponds  to  the  typical  radius  and 
ulna  fused  into  a single  bone.  Its  double  composition  can 


Fig.  59. — Diagram  01 
vertebrate  limb  : digits  I-V. 
— Leg : 1.  Femur.  2.  Tibia. 
2'.  Fibula.  3.  Tibiale,  in- 
termedium, fibulare.  4. 
Centrale.  5.  Distal  tarsals. 
6.  Metatarsals. — Arm  : 1. 
Humerus.  2.  Radius.  2'. 
Ulna.  3.  Radiale,  inter- 
medium, ulnare.  4.  Cen- 
trale. 5.  Distal  carpals. 
6.  Metacarpals. 
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be  seen  internally,  where  an  incomplete  median  partition 
divides  the  bone.  The  outer  side  corresponding  to  the  ulna 
projects  behind  the  articulation  with  the  humerus  as  the 
olecranon  or  elbow  process.  The  three  rows  of  carpals  are 
reduced  to  two.  The  first  row,  or  proximal  carpals,  has 
three  bones,  the  second  or  distal  row  has  also  three,  the 
outer  one  being  very  large.  There  are  five  metacarpals. 
The  first,  corresponding  to  the  thumb,  is  very  small  and  has 
no  phalanges  ; it  articulates  with  the  inner  distal  carpal.  In 
the  living  condition  it  does  not  protrude  beyond  the  skin, 
and  so  the  frog  is  said  to  have  no  thumb.  The  second  meta- 
carpal is  large,  and  articulates  with  the  second  distal  carpal. 
It  has  two  phalanges,  and  forms  the  first  finger  of  the  frog, 
which  in  the  male  bears  a large  glandular  swelling  in  the 
breeding  season.  The  third,  fourth,  and  fifth  fingers  have 
all  stout  metacarpals  attached  to  the  large  distal  carpal,  and 
bear  respectively  two,  three  and  three  phalanges. 

Of  the  three  bones  in  the  proximal  carpals,  two  represent 
the  radiale  and  ulnare  of  the  primitive  limb,  while  the  one 
lying  to  the  thumb  side  of  the  radiale  is  the  centrale,  which 
has  become  displaced.  The  intermedium  is  thus  absent  and 
it  has  probably  fused,  as  is  known  to  be  the  case  in  other 
Amphibia,  with  either  the  ulnare  or  radiale.  The  large  distal 
carpal  with  which  digits  5,  4 and  3 articulate  represents  three 
distal  carpalia  fused  together. 

Skeleton  of  the  hind  limb.  The  femur  is  the  bone  of 
the  thigh.  Its  rounded  head  fits  into  the  acetabulum  of  the 
pelvic  girdle,  forming  the  hip-joint.  Its  broader  distal  ex- 
tremity articulates  with  the  bone  of  the  lower  leg.  d he 
tibio-flbula,  like  the  bone  of  the  forearm,  is  a single  structure 
corresponding  to  a fused  tibia  and  fibula.  As  in  the  case  of 
the  radio-ulna,  its  double  composition  is  manifest  in  a longi- 
tudinal section  of  the  bone. 

The  ankle  also  is  reduced  to  two  rows  of  bones.  The 
upper  or  proximal  row  consists  of  two  very  long  bones 
separated  from  each  other  in  the  middle,  touching  at  the 
ends.  The  bone  on  the  inner  or  tibial  side  is  the  astragalus, 
that  on  the  outer  side  is  the  calcaneum,  corresponding  to 
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the  heel  bone  of  higher  animals.  The  distal  row  of  tarsals 
consists  of  two  very  small  bones.  There  are  five  digits, 
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number  one,  the  great  toe,  being  on  the  inner  side,  and 
actually  being  the  smallest  of  the  five.  Each  has  a strong 
metacarpal  bone  which  is  followed  by  respectively  two,  two, 
three,  four,  and  three  phalanges. 

In  addition  there  is  a supernumerary  digit,  consisting  of 
two  short  joints,  on  the  inner  side  more  internal  than  the 
great  toe. 

Dissection  of  the  Frog 

This  should  be  performed  under  water,  the  frog  being  laid 
on  its  back  and  fastened  to  the  bottom  of  the  dissecting 
dish  by  pins  through  the  limbs.  The  skin,  which  is  loosely 
adherent  to  the  underlying  parts,  being  separated  from  them 
by  the  lymph  spaces,  should  be  dissected  off  the  ventral 
surface  of  the  body.  The  position  of  the  pectoral  girdle 
should  be  determined,  and  the  anterior  abdominal  vein  seen 
through  the  body-wall  running  along  the  mid-ventral  line. 
The  abdominal  cavity  must  be  opened  by  a slit  parallel  to 
this  vein,  as  close  to  it  as  may  be  done  without  injury,  and 
the  cut  should  be  continued  forwards  through  the  pectoral 
girdle,  which  may  be  cut  with  scissors,  to  the  jaw,  and  back- 
wards to  the  hinder  end  of  the  body.  Next,  the  abdominal 
vein  must  be  carefully  separated  from  the  body  wall  over- 
lying  it,  and  then  the  body  wall  at  each  side  should  be  pinned 
back,  short  transverse  incisions  being  made  at  the  posterior 
end  of  the  original  longitudinal  incision.  The  abdominal 
cavity,  as  in  the  dog-fish,  is  the  coelomic  cavity,  and  the 
viscera  are  suspended  by  mesenteries  in  it  exactly  in  the 
same  fashion,  in  reality  lying  outside  the  cavity.  The  heart, 
enclosed  in  a delicate  membranous  pericardium,  which  is  a 
separated  part  of  the  coelome,  lies  in  the  anterior  region. 
The  liver  is  a large  bilobed  organ,  dark-red  in  colour,  lying 
partly  behind,  partly  at  the  sides  of  the  heart.  At  the  sides 
of  the  heart  and  dorsal  to  the  liver,  so  that  they  are  con- 
cealed by  it  from  the  ventral  surface,  are  the  lungs,  a pair  of 
thin-walled,  lobulated  sacs  which  may  be  dilated  with  air  by 
blowing  through  a fine  tube  passed  through  the  larynx  from 
the  mouth.  Immediately  behind  the  liver  may  be  seen  the 
fat-bodies,  two  bright  yellow  tufts  attached  to  the  dorsal  wall 
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of  the  body  cavity  behind  the  kidneys,  and  specially  con- 
spicuous in  autumn.  Behind  these,  the  greater  part  of  the 
cavity  is  occupied  by  the  coils  of  the  small  intestine,  while, 
at  the  posterior  end,  the  bladder  projects  as  a transparent 
thin-walled  sac  which  may  be  inflated  by  blowing  through  a 
tube  passed  into  the  cloaca. 

In  males,  whose  sex  may  be  recognised  before  dissection 
by  the  glandular  swelling  on  the  index  finger,  the  testes 
appear  as  a pair  of  yellow,  oval  bodies,  attached  to  the  dorsal 
wall  of  the  abdominal  cavity.  In  females,  which  are  usually 
more  bulky  in  the  abdominal  region,  the  greater  part  of  the 
abdominal  viscera  are  concealed  by  the  ovaries,  two  large 
masses  of  small  black  and  white  eggs,  and  the  oviducts,  two 
much  convoluted  white  tubes  with  thick  walls,  lying  at  the 
) sides  of  the  abdominal  cavity. 

The  peritoneum  is  the  lining  membrane  of  the  body 
cavity.  It  is  pigmented  in  places  and,  as  in  the  dog-fish, 
inpushings  of  its  walls,  caused  by  the  protrusion  of  the  organs 
into  the  cavity,  form  the  mesenteries. 

The  Alimentary  Canal 

The  oesophagus  is  a short  wide  tube  opening  into  the 
stomach,  which  is  a curved,  dilated  tube,  not  bent  to  form  two 
limbs  as  in  the  dog-fish,  and  separated  from  the  intestine  by 
a pyloric  constriction.  The  intestine  is  much  longer  and 
more  slender  proportionately  to  the  size  of  the  animal,  and 
has  no  spiral  valve,  the  necessary  extent  of  absorbing  surface 
being  given  by  the  increase  in  length.  Posteriorly  it  passes 
into  the  dilated  colon  or  large  intestine,  which  opens  into  the 
cloaca.  The  liver  has  a right  and  left  lobe  and  a large  gall- 
bladder. 

The  bile  duct  is  a slender  duct  which  arises  both  from  the 
gall-bladdei  and  fiom  the  right  and  left  lobes  of  the  liver. 
It  runs  through  the  substance  of  the  pancreas  to  open  into 
the  duodenum,  01  hist  part  of  the  intestine,  half-way  between 
the  pyloius  and  a fibrous  ligament  which  fastens  the  duo- 
denum to  a small  separate  lobe  of  the  liver  lying  above  the 
gall-bladder. 
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The  pancreas  is  a whitish,  irregularly  lobed  mass  which 
lies  between  the  stomach  and  the  duodenum.  It  has 
numerous  ducts,  too  small  to  be  seen  in  dissection,  which 
open  into  the  bile  duct,  and  so  convey  the  pancreatic  secre- 
tion to  the  intestine. 

The  spleen  is  a small,  bright-red  organ  lying  in  the 
mesentery  near  the  anterior  end  of  the  rectum. 

The  Organs  of  Respiration  and  Circulation 

The  condition  of  these  organs  in  the  adult  frog,  and  the 
modified  forms  of  them  present  in  reptiles,  birds,  and 
mammals,  can  be  best  understood  from  a consideration  of  the 
changes  which  take  place  when  the  tadpole,  the  fish-like 
stage,  passes  into  the  adult  stage.  The  condition  in  the  tadpole 
is  very  similar  to  that  in  the  dog-fish.  At  each  side  of  the 
head  six  gill-bars  appear.  The  first  of  these  is  the  mandibu- 
lar bar,  and,  as  in  the  dog-fish,  this  gives  rise  to  the  upper 
and  lower  jaws.  The  second  is  the  hyomandibular  bar,  the 
succeeding  four  are  branchial  bars,  one  pair  less  than  in  the 
dog-fish.  The  tip  of  the  hyomandibular  bar  forms  most 
probably  the  columella  of  the  ear,  while  the  lower  part  unites 
with  the  remains  of  the  branchial  arches  to  form  the  hyoid 
apparatus  of  the  adult  frog. 

There  are  five  gill-slits.  The  first,  corresponding  to  the 
spiracle,  never  opens  to  the  exterior,  and  the  membrane 
closing  its  end  is  generally  believed  to  become  the  tympanic 
membrane,  while  the  cavity  leading  into  the  pharyngo- 
buccal  cavity  or  front  part  of  the  alimentary  canal  forms  the 
eustachian  tube.  The  four  succeeding  gill-clefts  ultimately 
close  up. 

While  the  gill-slits  are  open,  the  heart,  as  in  the  dog-fish, 
consists  of  an  S-shaped  contractile  tube,  the  dorsal  and 
posterior  aperture  of  which  receives  blood  from  the  veins, 
while  the  ventral  and  anterior  end  is  continued  forward  as  a 
truncus  arteriosus,  which  gives  rise  to  four  afferent  branchial 
vessels  running  up  the  four  branchial  bars  to  supply  the  gills- 
From  these  the  blood  is  collected,  as  in  the  dog-fish,  by  four 
pairs  of  efferent  branchial  vessels  which  unite  behind  to  form 
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a systemic  aorta,  coursing  along  the  body  immediately  under 
the  backbone.  From  the  front  part  of  the  ventral  surface 
of  the  alimentary  canal  a pair  of  pouches  grow  out  back- 
wards and  form  the  lungs.  They  are  supplied  with  blood 
from  a special  vessel  which  leaves  the  efferent  vessel  of  the 
fourth  arch  at  each  side. 

The  metamorphosis,  or  change  to  the  adult  condition, 
apparently  occurs  rather  suddenly.  The  blood,  instead  of  pass- 
ing through  the  capillaries  in  the  gills,  passes  directly  from  the 
afferent  to  the  efferent  arches  by 
short  straight  vessels  which  con- 
nect them,  and  which  have  been 
gradually  enlarging  during  the 
tadpole  stage,  and,  thereupon, 
the  gills  and  the  capillary  system 
shrink  up.  There  are,  therefore, 
at  each  side  four  arches  corre- 
sponding to  the  afferent  and  effe- 
rent vessels,  passing  from  the 
truncus  arteriosus  to  the  systemic 
aorta.  At  the  metamorphosis  the 
first  or  most  anterior  of  these 

arches  give  rise  to  the  carotid  Fig.  61.— Heart  of  frog : dor- 
arteries  of  each  side,  which  al-  sal  asPect-  V.  Ventricle.  LA. 
ready  before  the  metamorphosis  If 

have  become  divided  into  an  terior  vena  cava  (post-caval)  with 
external  and  an  internal  carotid  hePatic  ve^s-  pv-  Pulmonary 
1 he  second  arches,  meeting  aorta,  p.a.  Pulmo  - cutaneous 
in  the  middle  line,  form  the  artery- 

systemic  aorta  of  the  adult.  The  third  arches  disappear. 
The  fourth  arches  lose  their  connexion  with  the  systemic 
aorta,  and  are  continued  as  branches  to  the  lungs  and 

F**ey  form  the  pulmo-cutaneous  arches  of  the 

adult  Meantime  the  originally  S-shaped  heart  becomes 
divided  up  into  chambers  by  partitions. 

The  heart  of  the  adult  must  be  examined  by  opening  the 
pericardium  and  dissecting  it  away  from  the  origins  of  the 
great  vessels.  Examination  of  the  interior  cavities  must  be 
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deferred  till  the  vessels  have  been  examined,  when  the  heart 
may  be  removed  and  its  chambers  slit  open  under  water  and 
washed  free  from  blood. 

The  two  auricles  occupy  the  dorsal  and  anterior  part 
of  the  heart ; they  are  thin-walled  and  closely  applied  to 
each  other  and  to  the  ventricle,  round  which  they  are 
wrapped.  The  ventricle  is  the  conical  posterior  part  which 
is  continued  forwards  as  the  truncus  arteriosus,  from  which 
the  great  vessels  arise.  The  sinus  Yenosus  is  a thin-walled 
sac  on  the  dorsal  surface  behind  the  auricles  ; the  three 
venae  cavae  (caval  veins)  open  into  it. 

When  the  sinus  venosus  is  cut  open,  it  is  seen  to  lead  into 
the  right  auricle  by  a wide  opening  in  its  anterior  end.  This 
opening  is  partially  guarded  by  a pair  of  valves.  The  venous 
blood  received  by  the  sinus  passes  into  the  cavity  of  the  right 
auricle,  from  which  it  is  driven,  by  contraction  of  the 
irregular  network  of  muscles  in  the  wall,  into  the  right  side 
of  the  ventricle.  The  left  auricle  is  separated  from  the  right 
auricle  by  a very  thin  partition.  It  receives  the  oxygenated 
blood  returned  from  the  lungs  by  the  pulmonary  veins,  and, 
by  contraction  of  its  wall,  which,  like  the  right  auricle,  is  pro- 
vided with  a network  of  muscle,  the  blood  is  driven  into  the 
left  side  of  the  ventricle,  through  an  opening  separated  from 
the  right  auriculo-ventricular  opening  by  a thin  septum  which 
hangs  down  into  the  cavity  of  the  ventricle.  The  ventricle 
has  a thick,  muscular  wall,  the  inner  part  of  which  is  spongy. 
The  ventricle  opens  into  the  pylangium,  or  first  part  of  the 
truncus  arteriosus,  by  a circular  aperture  guarded  by  three 
pouch-like  valves,  the  openings  of  which  are  turned  away 
from  the  ventricle  so  that  if  blood,  pumped  into  the  truncus 
from  the  ventricle,  attempted  to  flow  back  it  would  run  into 
these  pockets,  and  bulging  them  out  would  close  the  aperture. 

The  inner  wall  of  the  pylangium  has  a spiral  valve  attached 
along  its  length  and  hanging  freely  into  the  cavity.  The  py- 
langium is  continued  forwards  into  the  synangium,  which  is 
formed  by  the  united  bases  of  the  three  arterial  trunks.  The 
aperture  of  the  synangium  into  the  pylangium  is  guarded 
by  three  pocket-shaped  valves,  the  openings  of  which  are 
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directed  away  from  the  heart.  The  apertures  into  the 
pulmonary  arteries  are  immediately  behind  these  valves. 
The  wide  cavity  of  the  synangium  forks  in  front,  and  is  con- 
tinued as  the  three  arterial  arches  of  each  side.  A small 
projecting  tongue  hangs  backwards  into  the  cavity  from  the 
angle  of  the  fork,  and  the  small  apertures  of  the  carotid 
arteries  lie  close  together  on  the  under  surface  of  this  tongue. 

The  mechanism  by  which  the  streams  of  mixed  blood 
coming  from  the  ventricle  are  separated  to  their  proper  trunks 
is  apparently  very  complicated.  When  the  ventricle  contracts 
the  truncus  arteriosus  is  still  relaxed,  and  the  impure  blood 
from  the  right  side  of  the  heart  buoys  up  the  spiral  valve  and 
reaches  the  lower  or  pulmonary  openings.  When  the  con- 
traction has  gone  on  further  and  the  pure  blood  from  the  left 
side  is  entering  it,  the  truncus  begins  to  contract  and  the  free 
anterior  edge  of  the  spiral  valve  partly  occludes  the  apertures 
into  the  pulmo-cutaneous  arches  and  the  purer  stream  is 
directed  spirally  round  the  valve  forwards  to  the  aortic  arches 
and  the  carotids. 

The  Yenous  System.  This  should  be  dissected  before  the 
arteries.  The  veins  can  be  distinguished  by  their  thinner 
walls  and  larger  size,  through  which  the  contained  blood  is 
visible. 


The  right  and  left  anterior  venae  cavae  or  precavals  open 
into  the  sides  of  the  sinus  venosus,  and  are  formed  on  each 
side  by  the  junction  of  three  veins.  They  are 

1.  The  external  jugular  vein,  which  is  itself  formed  by 
the  junction  of  the  lingual  vein  from  the  tongue  and  floor  of 
the  mouth,  and  the  mandibular  vein  from  the  lower  jaw. 

. The  dominate  vein,  which  is  formed  by  the  internal 
jugular  vein  from  the  interior  of  the  skull,  and  the  sub- 
scapular vein  from  the  back  of  the  arm  and  shoulder. 

3.  rile  large  subclavian  vein,  which  is  formed  by  the 
musculo -cutaneous  vein  from  the  skin  muscles  of  the  side 
and  back,  and. the  brachial  vein  from  the  arm. 

The  posterior  vena  cava  or  postcaval  is  a median  vein 

blood  t^  th  a T thS  kidneys>  from  which  it  returns  the 
blood,  to  the  dorsal  part  of  the  liver,  through  which  it  passes 
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without  breaking  up.  On  its  emergence,  it  is  joined  by  a 
right  and  left  hepatic  vein  and  then  enters  the  posterior  end 


of  the  sinus  venosus.  Between  the  kidneys  and  liver 
receives  at  each  side  a vein  from  the  genital  organ. 


THE  FROG 


261 


The  Renal  Portal  and  Hepatic  Portal  Systems.  The 

greater  part  of  the  blood  from  the  hind  limbs  is  returned  by  the 
femoral  and  sciatic  veins  on  either  side.  When  these  reach 
the  pelvic  region  they  unite  to  form  the  renal  portal  vein, 
which  runs  up  along  the  outer  border  of  each  kidney.  Just 
before  this  union,  the  femoral  vein  gives  off  a pelvic  branch, 
which  joins  its  fellow  of  the  other  side  to  form  the  anterior 
abdominal  vein.  This  runs  forward  to  the  level  of  the  liver, 
where  it  divides  into  right  and  left  branches,  which  break  up 
in  the  right  and  left  lobes  of  the  liver.  The  hepatic  portal 
vein  is  a large  vessel  which  returns  the  blood  from  the  spleen 
and  alimentary  canal.  It  divides  into  a small  branch  which 
breaks  up  in  the  left  lobe  of  the  liver  and  a large  branch 
which  joins  the  anterior  abdominal  vein  at  the  point  where  it 
splits  into  right  and  left  branches. 

The  renal  portal  and  hepatic  portal  veins  differ  from  sys- 
temic veins  in  that  they  have  two  sets  of  capillaries,  one  at 
their  proximal  or  heart  end  and  the  other  at  the  distal  end. 
A systemic  vein  has  only  the  set  at  the  distal  end.  The  prox- 
imal set  of  the  renal  portal  and  hepatic  portal  veins  respec- 
tively is  in  the  kidney  and  the  liver  and  the  distal  set  in  the 
legs  and  wall  of  the  alimentary  canal. 

The  two  pulmonary  veins  return  the  blood  which  has  been 
oxygenated  in  the  lungs  to  the  left  auricle. 

The  Arterial  System.  The  truncus  arteriosus  divides 
into  three  arches  at  each  side. 

The  carotid  arch  is  the  most  anterior,  and  runs  forwards 
for  about  one-tenth  of  an  inch,  when  it  gives  off  a small  lin- 
gual artery  running  in  the  floor  ofi  the  pharyngo-buccal 
cavity  to  the  tongue.  Immediately  beyond  this  there  is  a 
small  globular,  spongy  expansion  of  its  wall,  called  the  caro- 
tid gland.  Beyond  this  a small  strand  of  tissue,  the  ductus 
Botalli,  runs  back  to  the  systemic  arch  ; it  is  the  remains  of 
the  oiiginal  connexion  of  the  first  branchial  efferent  vessel 
with  the  systemic  aorta,  and  usually  is  impervious,  though  as 
an  abnormality  it  may  remain  open.  Beyond  the  carotid 
gland,  the  carotid  arch  is  continued  as  the  common  carotid 
artery.  It  runs  forwards  by  the  side  of  the  oesophagus,  and 
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divides  into  the  external  carotid,  which  supplies  the  mouth 
and  the  orbit,  and  other  parts  of  the  head,  and  the  internal 
carotid,  which  enters  the  skull  and  supplies  the  brain. 

The  second  division  of  the  truncus  at  each  side  forms  the 
systemic  or  aortic  arch.  Each  gives  off  a laryngeal  artery, 
several  small  oesophageal  arteries,  an  occipito-vertebral 
artery,  and  finally  a large  subclavian  artery  which  supplies 
the  shoulder  and  forelimb.  Then  the  two  systemic  (aortic) 
arches  meet  over  the  alimentary  canal  nearly  at  the  anterior 
level  of  the  kidneys,  and  form  the  systemic  or  dorsal  aorta. 
From  this,  immediately  after  the  junction,  arises  a large 
median  coeliaco-mesenteric  artery  which  divides  into  a 
coeliac  branch  for  the  stomach,  liver,  pancreas,  and  gall- 
bladder, and  a mesenteric  artery  which  divides  into  anterior 
and  posterior  branches  for  the  anterior  and  posterior  parts  of 
the  intestine,  and  a short  splenic  branch  for  the  spleen. 
While  passing  between  the  kidneys,  the  aorta  gives  off  several 
paired  branches  to  them  and  to  the  genital  organs,  lumbar 
arteries  to  the  body-wall,  and  a hsemorrhoidal  or  posterior 
mesenteric  artery  to  the  rectum.  When  it  emerges  from 
between  the  kidneys  it  divides  into  a right  and  left  iliac 
artery,  each  of  which,  after  giving  off  branches  to  the  bladder 
and  to  the  ventral  body- wall,  runs  down  the  leg  as  the  sciatic 
artery. 

The  pulmo-cutaneous  arch  is  the  third  division  of  the 
truncus  at  each  side.  At  the  most  anterior  part  of  its  course 
before  it  bends  down  to  the  lung  each  gives  off  a slender 
cutaneous  branch  which  is  distributed  to  the  outer  skin, 
forming  a conspicuous  branching  system.  During  winter, 
while  the  frog  is  hibernating  in  the  mud  at  the  bottom  of 
ponds  and  ditches,  this  skin-branch  is  the  chief  means  by 
which  blood  is  taken  to  the  skin  to  be  oxygenated.  1 he 
blood  is  then  returned  through  the  cutaneous  branches  of  the 
musculo-cutaneous  vein. 

As  in  the  dog-fish,  the  blood  consists  of  a fluid  plasma  in 
which  are  present  white  amoeboid  corpuscles  and  oval 
nucleated  red  corpuscles,  the  colour  of  which  is  due  to  the 
presence  of  haemoglobin.  (For  a full  description  of  the 
structure  of  the  blood,  see  Chapter  XXVI,  p.  271). 
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The  Urino-genital  System 

In  the  frog,  as  in  the  dog-fish,  the  genital  organs  appear 
as  a pair  of  thickenings  in  the  dorsal  wall  of  the  coelome. 
The  excretory  organs  arise  as  a pair  of  head-kidneys,  each 
head-kidney  or  pronephros  consisting  of  three  nephridia 
opening  by  funnels  into  the  anterior  part  of  the  coelome 
just  behind  the  heart,  and  leading  into  a pronephric  or  seg- 
mental duct  which  runs  down  the  body,  unites  near  the 
posterior  end  with  its  fellow  of  the  other  side,  and  then 
opens  into  the  cloaca.  Soon  after  the  tadpoles  are  hatched, 
the  mesonephros  appears  as  a number  of  segmentally 
arranged  nephridia  opening  into  the  body  cavity  by  ciliated 
funnels  and  into  the  segmental  duct  by  their  other  ex- 
tremities. At  the  time  of  the  metamorphosis,  the  head- 
kidney  aborts  and  the  segmental  duct  splits  longitudinally 
along  its  anterior  portion  only,  forming  an  anterior  half 
which  sets  up  a connexion  with  the  peritoneal  epithelium, 
and  then  extends  forwards  and  eventually  opens  by  an 
aperture  into  the  coelome,  at  the  root  of  the  lung.  The 
posterior  end  of  it  grows  backwards  along  the  posterior  part 
of  the  segmental  duct,  until  it  reaches  the  cloaca,  into  which 
it  opens.  The  new  duct  thus  formed  is  the  Mullerian 
duct.  The  posterior  or  mesonephric  part  of  the  duct  be- 
comes the  ureter  or  Wolffian  duct  in  both  sexes.  In  the 
male,  the  Mullerian  ducts  disappear,  but  in  the  female  they 
enlarge  and  become  elaborated  to  form  the  OYiducts.  In 
the  male  the  Wolffian  ducts  become  the  urino-genital  ducts, 
and  each  develops  a seminal  vesicle  at  its  posterior  end, 
while  in  the  female  they  remain  as  simple  urinary  ducts. 

The  Adult  Female.  The  OYaries  are  a pair  of  black 
masses  lying  in  folds  of  the  peritoneum  in  front  of  the 
kidneys.  In  spring  and  early  summer,  after  the  eggs  have 
been  discharged,  the  ovaries  are  small ; in  autumn  and 
wintei  they  inciease  in  size,  and  numbers  of  ripe  eggs  are 
detached  from  them  and  occupy  the  body  cavity  in  masses. 
Thence  they  pass  through  the  ciliated  oviducts  into  their  large 
posterior  parts,  where  they  are  stored  until  extrusion  to  the 
exterior  takes  place, 
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The  oviducts  are  a pair  of  much-convoluted  thick-walled 
tubes  opening  behind  into  the  cloaca  by  two  separate  aper- 
tures on  its  dorsal  wall,  and  in  front  by  funnels  into  the 
coelome  close  to  the  anterior  ends  of  the  lungs.  Three 
regions  may  be  distinguished  in  each.  The  receptive  por- 
tion, very  small  and  immediately  succeeding  the  coelomic 
aperture,  which  opens  into  the  coelome  at  the  root  of  the 
lung.  This  portion  is  followed  by  a long,  much-convoluted, 
thick-walled  glandular  part.  While  the  eggs  are  passing 
down  through  this  length  of  the  oviduct  they  become  coated 
in  an  albuminous  coat  which  answers  to  the  white  of  egg  in  a 
hen’s  egg.  Thus  coated,  they  then  pass  into  the  third  or 
terminal  part  of  the  oviduct.  This  is  a thin-walled  but  dis- 
tensible portion  and  in  it  the  eggs  are  stored,  one  by  one,  as 
they  pass  into  it.  It  is  called  the  uterine  portion.  Towards 
the  end  of  the  breeding  season,  in  the  early  spring,  this  part 
of  the  oviduct  is  greatly  distended  and  is  full  of  eggs. 

The  kidneys  are  a pair  of  elongate,  reddish,  flattened 
bodies  lying  close  to  the  middle  line  on  each  side  of  the 
backbone.  The  ureters  are  a pair  of  slender  white  tubes 
running  from  the  outer  edges  of  the  posterior  part  of  the 
kidneys  to  the  dorsal  wall  of  the  cloaca  ; they  open  imme- 
diately behind  the  oviducts  and  opposite  the  opening  of  the 
Wolffian  bladder  which  is  on  the  ventral  wall  of  the  cloaca. 
In  the  living  frog  the  bladder  contains  fresh  water,  not 
excretory  products. 

The  Adult  Male.  The  testes  are  a pair  of  rounded  organs 
of  yellowish  colour  lying  on  the  ventral  surface  of  the 
kidneys.  The  Yasa  efferentia  are  a number  of  small  tubes 
leading  from  the  testes  to  the  inner  edges  of  the  kidneys,  into 
which  they  pass  when  they  enter  the  renal  tubules,  enabling 
the  spermatozoa  to  be  discharged  through  the  ureters. 

The  kidneys  are  similar  to  those  of  the  female. 

The  Wolffian  duct  or  ureters,  which  function  also  as  vasa 
deferentia,  or  male  genital  ducts,  run  from  the  outer  side  of 
the  kidney  to  the  dorsal  wall  of  the  cloaca,  into  which  they 
open  opposite  the  opening  of  the  bladder. 

The  vesiculse  seminales  are  dilatations,  one  on  the  outer 
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wall  of  each  vas  deferens  or  ureter  of  each  side,  between  the 
kidney  and  the  cloaca. 

In  both  the  female  and  male  frog,  the  gonads  (ovary  and 
testis  respectively)  bear  at  their  anterior  ends  much-branched, 
highly  vascular  masses  of  fat.  These  are  the  fatty  bodies 
or  corpora  adiposa.  They  serve  as  a reservoir  of  food 
material.  In  the  course  of  development  they  are  derived 
by  fatty  degeneration  of  the  anterior  ends  of  the  genital 
ridges,  and  therefore  represent  retrogressive  gonadial  tissue. 

The  Nervous  System 

This  is  essentially  similar  to  that  of  the  dog-fish,  and  it 
should  be  compared  carefully  with  the  figures  and  notes 
made  while  that  was  being  dissected.  Owing  to  the  greater 
difficulty  of  dissecting  the  cranial  nerves  of  the  frog,  the 
elementary  student  is  recommended  not  to  attempt  them 
until  he  has  thoroughly  mastered  their  arrangement  in  the 
dog-fish.  The  dorsal  surface  of  the  brain  should  be  exposed 
by  removing  the  fronto-parietal  bones  and  continuing  the 
opening  by  removing  the  dorsal  surface  of  the  occipital 
region  and  of  the  atlas.  Examination  of  the  ventral  surface 
must  be  deferred  until  the  cranial  nerves  have  been  dissected. 

The  divisions  of  the  brain  are  the  same  as  in  the  dog-fish. 
The  olfactory  lobes  form  the  most  anterior  part.  They  are 
fused  together  in  the  middle  line  on  the  dorsal  surface  and 
from  their  anterior  ends  arise  the  olfactory  nerves. 

The  cerebrum  representing  the  prosencephalon  of  the 
dog-fish  is  clearly  divided  into  two  cerebral  hemispheres, 
which  diverge  slightly  behind. 

The  thalamencephalon  is  a small  part  of  the  brain,  partly 
overlapped  by  the  ends  of  the  cerebral  hemispheres  in  front. 
Its  roof  consists  of  a vascular  choroid  plexus  through  which 
the  stalk  of  a small  pineal  body  passes.  The  pineal  reaches 
to  the  under  surface  of  the  skull. 

The  mesencephalon  has  a pair  of  very  large  optic  lobes, 

and  from  the  region  immediately  behind  them  the  fourth 
nerves  arise  from  the  dorsal  surface. 

1 he  cerebellum  is  an  exceedingly  small  transverse  band 
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of  tissue  stretching  across  the  anterior  part  of  the  fourth 
ventricle,  immediately  behind  the  optic  lobes. 

The  medulla  oblongata  is  relatively  large,  broad  in  front, 
and  tapers  behind  as  it  passes  into  the  spinal  cord.  Its 
cavity  or  fourth  ventricle  is,  like  the  third  ventricle  of  the 
thalamencephalon,  roofed  over  by  a thin  vascular  membrane 
or  choroid  plexus,  which  is  usually  torn  in  dissection.  From 
the  sides  of  the  medulla  the  fifth,  seventh,  eighth,  ninth,  and 
tenth  nerves  may  be  seen  arising  by  their  roots.  There  are 
no  restiform  bodies. 

On  the  ventral  surface,  the  optic  chiasma,  as  in  the  dog- 
fish, occupies  the  ventral  surface  of  the  thalamencephalon. 
Behind  it  is  a bilobed  infundibulum  from  which  the  pitui- 
tary body  extends  backwards  over  the  anterior  part  of  the 
medulla  as  an  elongate,  rounded  mass.  Between  the  pitui- 
tary body  and  the  infundibulum  the  third  nerves  arise  from 
the  ventral  surface  of  the  brain,  and  the  sixth  nerves  arise 
from  the  ventral  surface  of  the  anterior  part  of  the  medulla. 

The  crura  cerebri  are  two  diverging  masses  of  fibres 
lying  in  the  base  of  the  optic  lobes.  They  are  partly  hidden 
by  the  infundibulum  and  connect  the  cerebrum  with  the 
medulla  and  spinal  cord. 

The  cavities  of  the  brain  are  similar  to  those  in  the  dog- 
fish, and  receive  similar  names. 


The  Peripheral  Nervous  System.  As  in  the  dog-fish  the 
spinal  nerves  arise  by  dorsal  ganglionated  roots  and  ventral 
motor  roots.  These  unite  outside  the  spinal  canal.  The 
hypoglossal,  or  first  spinal  nerve,  runs  forward  to  the 
muscles  of  the  tongue  and  floor  of  the  mouth,  showing  that 
the  process  of  cephalization  has  gone  on  further  in  the  frog 
than  in  the  dog-fish.  A notable  condensation  of  the  seg- 
mentation of  the  spinal  nerves  occurs  in  two  regions.  The 
second  and  third  spinal  nerves  unite  together  to  form  at  each 
side  a large  brachial  nerve  for  the  shoulder  and  arm.  The 
seventh,  eighth,  ninth,  and  in  part  the  tenth,  spinal  nerves 
similarly  unite  at  each  side  to  form  a large  sciatic  plexus,  from 
which  is  derived  the  sciatic  nerve,  supplying  the  hinder  limb 
and  a large  portion  of  the  posterior  region  of  the  body. 
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The  Cranial  Nerves. 

1.  The  olfactory  nerve  supplies  the  nasal  organ. 

2.  The  optic  nerve,  as  in  the  dog-fish,  supplies  the  retina 
of  the  eyeball. 

3.  4)  and  6.  The  third  nerve,  the  fourth  nerve,  and  the 
sixth  nerve  have  origin,  course,  and  distribution  as  in  the 
dog-fish,  but  from  their  minute  size  are  difficult  to  dissect  in 
the  frog. 


5.  The  fifth  nerve  is  the  most  anterior  of  those  arising  from 
the  side  of  the  medulla.  It  runs  forwards  within  the  cranial 
cavity  to  the  region  in  front  of  the  auditory  capsule.  It 
then  expands  to  form  a large  Gasserian  ganglion,  and 
immediately  afterwards  passes  through  the  skull-wall  into 
the  orbit,  and  divides  into  two  main  branches.  The  first, 
or  ophthalmic  division,  runs  along  the  inner  wall  of  the 
orbit  over  the  eyeball,  and  passes  in  two  branches  through 
the  walls  of  the  nasal  capsule,  and  is  distributed  to  the  skin 
of  the  forepart  of  the  head.  The  second  or  maxillo- 
mandibular branch  runs  outwards  behind  the  eyeball  and 
divides  into  the  maxillary  division  to  supply  the  skin  of 
the  upper  jaw,  and  the  mandibular  division  to  supply  the 
skin,  and  in  pait  the  muscles  of  the  lower  jaw. 

7.  The  seventh  or  facial  nerve  arises  from  the  side  of 
the  medulla  next  behind  the  fifth.  It  runs  forward  parallel 
to  the  fifth  nerve  to  the  Gasserian  ganglion,  with  which  it 
is  connected,  and  then  emerges  into  the  orbit  close  behind 
the  fifth.  There  it  divides  into  a palatine  branch  which 
runs  forwards  to  the  roof  of  the  mouth,  and  a hyomandibular 
branch  which  forks  under  the  tympanic  membrane,  first 
giving  off  twigs  to  that  and  to  the  angle  of  the  mouth.  The 
anterior  branch  of  the  fork,  or  ramus  mandibularis,  runs 
along  the  floor  of  the  mouth  just  inside  the  edge  of  the 
lower  jaw  ; the  second  branch,  or  ramus  hyoideus,  runs 
a ong  the  floor  of  the  mouth  deeper  down  and  supplies  the 
muscles  of  the  hyoid.  Comparing  the  seventh  nerve  of  the 
frog  with  that  of  the  dog-fish,  it  will  be  noted,  the  ophthalmic 

s. branch  and  ~ 
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8.  The  auditory  nerYe  arises  immediately  behind  and 
apparently  but  not  really  fused  with  the  seventh  ; it  passes 
at  once  into  the  auditory  capsule. 

9 and  io.  The  ninth,  or  glossopharyngeal,  and  the  tenth, 
the  pneumogastric  or  Yagus,  arise  together,  more  posteriorly 
from  the  side  of  the  medulla.  The  two  emerge  close 
together  from  the  skull  behind  the  auditory  capsule.  The 
ninth  divides,  and  the  anterior  branch,  which  runs  round  the 
posterior  end  of  the  auditory  capsule,  joins  the  seventh  nerve 
in  front  of  the  columella  ; this  union  between  the  seventh 
and  the  ninth  nerves  occurs  throughout  the  Vertebrata  and 
is  known  as  the  anastomosis  of  Jacobson.  The  posterior 
and  larger  branch  runs  downwards  and  forwards  to  the 
pharynx,  and  then  supplies  the  epithelium  and  one  of  the 
muscles  of  the  tongue.  The  glossopharyngeal  is  the  sensory, 
while  the  hypoglossal  is  the  motor  nerve  of  the  tongue. 

The  tenth  nerve  enlarges  to  form  a ganglion  immediately 
outside  the  skull  ; it  then  runs  backwards  through  the  body, 
giving  off  nerves  to  the  muscles  of  the  back,  and  several 
important  nerves  to  the  viscera.  These  are  given  off  from 
the  point  where  the  vagus  reaches  the  pulmonary  artery. 
The  laryngeal,  or  recurrent  branch  of  the  vagus,  loops 
round  the  pulmonary  artery  close  to  its  origin  from  the 
truncus,  and  then  runs  forwards  again,  parallel  to  the  vagus 
until  it  enters  the  larynx  in  the  middle  line.  The  cardiac 
branch  passes  dorsal  to  the  pulmonary  artery  and  reaches 
the  sinus  venosus,  passing  over  the  precaval  vein.  1 he 
branches  of  each  side  unite  and  pass  into  the  auricular 
septum.  The  pulmonary  branches  run  along  the  pulmonary 
arteries  to  the  lungs.  The  gastric  branches,  two  at  each 
side,  pass  to  the  walls  of  the  stomach. 

The  Sympathetic  System.  This  consists  at  each  side  of 
a longitudinal  ganglionated  trunk  extending  from  the 
Gasserian  ganglion  in  the  skull  to  the  posterior  spinal  nerve. 
The  ganglia  are  connected  with  the  spinal  nerves  and  give 
off  numerous  networks  to  the  viscera,  the  chief  of  which 
are  a cardiac  plexus  over  the  auricles  and  the  roots  of  the 
great  vascular  trunks  and  a solar  plexus  over  the  stomach. 


THE  FROG 


269 


The  longitudinal  sympathetic  cord  at  each  side  starts  from 
the  Gasserian  ganglion.  It  runs  backwards  and  emerges 
from  the  skull  with  the  ninth  and  tenth  nerves,  being 
connected  with  the  ganglion  of  the  vagus.  It  then  runs 
backwards  alongside  the  vertebral  column,  following  very 
closely  on  each  side  the  systemic  arterial  arch  and  the 
dorsal  aorta.  Along  its  length  it  bears  ganglia  in  connexion 
with  each  spinal  nerve  and  several  in  connexion  with  the 
tenth  spinal  nerve.  Each  ganglion  is  connected  with  its 
corresponding  spinal  nerve  by  a very  delicate  short  filament, 
the  ramus  communicans. 

The  Sense  Organs 

In  the  tadpole  there  is  a lateral  line  with  definite  sense 
organs,  the  sensory  cells  of  which  are  surrounded  by  project- 
ing cuticular  tubes.  In  the  adult  these  degenerate  into 
patches  of  mucus-forming  cells.  But,  irregularly  placed  on 
the  skin,  especially  on  the  fingers  and  toes,  there  are  small 
touch  bodies,  each  of  which  consists  of  a transparent  cluster 
of  flattened  cells,  richly  supplied  by  nerve  fibres. 

The  mucous  membrane  of  the  tongue  and  roof  of  the 
mouth  contains  numerous  taste  bodies,  each  of  which 
consists  of  several  cells  with  forked  projecting  extremities 
and  inner  ends  in  connexion  with  nerve  fibrils. 

The  eye  is  essentially  similar  to  that  of  the  dog-fish.  But 
the  cornea  is  more  curved,  and  between  the  cornea  and 
the  lens  is  a small  chamber  containing  aqueous  humour. 
The  choroid  coat  has  no  tapetum. 

The  nasal  organs  are  proportionately  smaller  and  must 
be  examined  by  microscopic  sections.  The  cavity  is  con- 
stricted into  three  divisions,  the  outer  of  which  communicates 
with  the  nostrils,  the  inner  by  the  internal  nares  with  the 
buccal  cavity. 

The  Ears.  1 he  internal  ear  is  essentially  similar  to  that 
of  the  dog-fish,  but  there  is  no  aqueductus  vestibuli  in  the 
adult.  With  the  disappearance  of  the  aqueductus  vestibuli, 
the  ductus  endolymphaticus  and  saccus  endolymphaticus  no 
longer  run  towards  the  exterior  to  open  there  upon  the  skin. 
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They  pass  instead  to  the  cranial  cavity,  where  a strange 
condition  of  the  saccus  endolymphaticus  originates.  Here 
it  lies  between  the  brain  and  the  cranial  wall,  and  is 
continued  backwards  along  the  whole  length  of  the  neural 
canal  dorsal  to  the  spinal  cord  as  an  unpaired  tube,  and 
giving  off  paired  sac-like  outgrowths  which  pass  through 
the  inter-vertebral  foramina  to  lie  upon  the  ganglia  of  the 
spinal  nerves.  They  are  easily  recognized  by  the  opaque 
white  colour  of  the  calcareous  concretions  which  they 
contain.  The  sacculus  of  the  frog  not  only  gives  off  a 
lagena  as  in  the  dog-fish,  but  another  small  oval-like  sac, 
the  pars  basilaris  cochleae.  It  foreshadows  the  formation 
of  the  basilar  membrane  of  the  cochlea  of  higher  forms. 
In  the  dog-fish  the  auditory  capsule  is  separated  from  the 
outer  world  only  by  the  outer  skin.  In  the  frog  the  capsule 
is  more  deeply  sunk  in  the  side  of  the  head.  The  upper 
part  of  the  hyomandibular  gill-cleft,  which  opens  below 
into  the  mouth  as  the  Eustachian  tube  and  which  is  closed 
over  by  the  tympanic  membrane,  forms  a middle  or  accessory 
auditory  chamber.  The  inner  wall  of  this  is  formed  by  the 
outer  wall  of  the  auditory  capsule,  and  in  this  there  is  a 
hole  into  which  the  head  of  the  columella  fits.  The 
columella  stretches  across  to  the  tympanic  membrane  and 
its  outer  end  is  attached  to  that.  Thus  vibrations  of  the 
tympanum  are  transmitted  along  the  columella  and  by  its 
inner  end  are  transmitted  to  the  inner  ear.  In  higher 
animals  this  middle  chamber  in  turn  is  sunk  into  the  side 
of  the  head  and  so  the  tympanic  membrane  is  at  the 
bottom  of  a cavity,  the  external  auditory  meatus,  which 
is  surrounded  by  the  shell  of  the  ear.  Thus  in  man,  the 
frog  and  the  dog-fish,  three  stages  of  elaboration  are 
shown. 
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THE  Metazoa  or  multicellular  animals,  complex  though 
they  may  be  in  their  structure,  nevertheless  arise  from 
a single  cell,  the  fertilized  ovum.  From  it,  by  many  cell- 
divisions,  divers  kinds  of  tissues  are  ultimately  formed. 
Collectively,  these  tissues  compose  the  organism  ; they  are 
bound  together  in  different  ways  and  build  up  the  organs — 
stomach,  heart,  liver,  lungs,  brain,  and  so  on — which  are  the 
grosser  and  visible  signs  of  organization  in  the  individual. 
These  organs  can  for  the  most  part  be  seen  and  their 
relationships  made  out  by  means  of  ordinary  dissections. 
Their  systematic  description  and  study  constitutes  Anatomy. 
Anatomical  studies  therefore  simply  deal  with  the  gross 
structuie  of  the  organism.  It  may  be  defined  as  the  “ Science 
of  Organs.”  But  the  study  of  the  tissues  which  build  up 
the  organs  cannot  be  adequately  followed  without  the  aid  of 
the  microscope  and  of  special  methods  of  preparing  them 
for  microscopical  investigation.  For  the  tissues  are  com- 
posed of  cells,  which,  with  but  few  exceptions,  are  micro- 
scopical in  size.  Moreover,  there  are  divers  kinds  of 
tissues,  and  each  is  characterized  by  cells  of  special  form 
size,  and  nature. . The  study  of  tissue  therefore  involves  a 
careful  examination  of  the  form,  size,  nature,  and  relationship 
of  the  cells  composing  it.  Histology,  the  name  applied  to 
this  study,  is  therefore  the  “ Science  of  Tissue.” 

Although  a metazoan  is  thus  composed  of  numerous  and 
ivers  tissues  their  number  is  limited,  and  they  can  be 
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ways  to  form  the  various  organs  of  the  body.  Thus  the 
brain,  which  is  an  organ,  is  not  only  composed  of  nervous 
tissue,  but  of  a delicate  connective  tissue  called  neuroglia 
and  of  blood  and  lymph  vessels,  through  which  flow  blood 
and  lymph — both  the  two  latter  being,  in  a morphological 
sense,  also  tissues.  Similarly,  the  stomach,  an  organ  of 
digestion,  is  composed  of  the  following  primary  or  funda- 
mental tissues  : epithelium,  lymphoid  tissue  (a  variety  of 
connective  tissue  lodging  lymphocytes),  nervous  tissue, 
muscular  tissue,  fibrous  tissue,  blood  and  lymph  vessels. 

The  Primary,  Fundamental,  or  Simple  Tissues  may  be 
classified  under  the  five  following  headings  : — 

(1)  Blood. 

(2)  Epithelial  Tissues. 

(3)  Connective  Tissues. 

(4)  Muscular  Tissues. 

(5)  Nervous  Tissues. 

These  and  their  various  subdivisions  we  shall  proceed  to 
study  in  the  order  described. 

The  Blood  Tissue 

The  blood  is  a moving  tissue ; its  component  cells  are  free 
and  are  carried  round  in  a circulating  fluid  from  point  to 
point  in  the  body.  The  liquid  part  of  the  blood  is  named  the 
plasma.  It  consists  chiefly  of  water  with  some  proteins  and 
mineral  salts  in  solution.  The  chief  proteins  are  serum- 
albumin,  paraglobulin  (sometimes  called  serum-globulin),  and 
fibrinogen.  The  chief  salts  are  the  phosphates  of  sodium, 
calcium,  and  magnesium,  the  chlorides  of  potassium  and 
sodium,  and  the  sulphate  of  potassium.  Certain  other 
substances,  such  as  fats,  various  extractives  (more  or  less 
simple  combinations  of  nitrogen),  glucose  (partly  free,  partly 
in  combination),  and  gases  are  also  present  in  small  quantities. 

The  functions  of  the  blood  are  highly  important.  All 
living  tissues  are  continually  undergoing  chemical  disinte- 
gration and  integration.  The  products  of  their  destructive 
activity  must  be  carried  away  from  them  and  new  material 
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brought  to  them  for  their  reconstruction.  The  blood 
fulfils  these  double  and  related  functions.  By  means  of  its 
plasma  it  also  carries  digested  food  material  from  the  ali- 
mentary tract  to  the  liver,  and  thence  to  the  heart,  whence 
it  is  then  carried  to  the  tissues.  The  blood  coming  from 
the  organs  of  respiration  (lungs  or  gills)  carries  a store  of 
oxygen  to  the  tissues  for  the  purpose  of  their  respiration. 
This  transference  of  oxygen  is  attained  chiefly  through  the 
agency  of  the  haemoglobin  contained  in  the  red  corpuscles. 
The  tissues  making  use  of  the  digested  food  substances  and 
oxygen  build  up  their  protoplasm.  Protoplasm  is  never 
stable,  for  the  advent  of  oxygen  to  it  ushers  in  a series  of 
destructive  or  oxidative  processes,  which  result  in  the 
formation  of  waste  products.  These  must  be  removed  from 
the  tissues  as  soon  as  possible,  and  it  is  the  plasma  of  the 
blood  which  chiefly  effects  this  end.  It  carries  the  waste 
materials  to  the  organs  of  excretion  ; the  carbon  dioxide  is 
then  excreted  by  the  lungs,  gills,  and  skin,1  and  the  urea  and 
other  nitrogenous  matters  by  the  kidneys  or  nephridia. 

The  conveyance  of  oxygen  from  the  air-sacs  in  the  lungs, 
or  from  the  gills  in  the  fish  and  the  larvae  (tadpoles)  of  the 
frog  and  other  Amphibia,  to  the  tissues  of  the  body  is  a 
special  function  performed  by  a special  mechanism.  The 
red  corpuscles  are  the  carriers  of  the  oxygen,  and  they 
accomplish  this  in  virtue  of  a red  colouring  substance  called 
haemoglobin.  This  body  is  an  iron-containing  protein.  Its 
chemical  constitution  is  very  complex.  It  is  a compound  of 
about  96  per  cent,  of  a protein,  globulin,  with  about  4 per 
cent,  of  a brown  pigment,  haematin.  It  is  this  latter  which 
contains  the  iron  and  has  the  chemical  formula  C34H35N4F205. 
Haemoglobin  can  be  crystallized  from  solution.  Its  aqueous 
solution  is  not  diffusible  and  it  easily  undergoes  decom- 
position. 

Haemoglobin  possesses  the  power  of  forming  a loose 
chemical  combination  with  oxygen,  when  the  pressure  of 
this  gas  in  the  medium  in  which  the  haemoglobin  is  lodged 
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is  high,  and  of  yielding  up  the  oxygen  when  the  oxygen 
pressure  is  low  and  the  carbon-dioxide  pressure  is  high. 
Haemoglobin  which  has  taken  up  oxygen  is  called  oxyhe- 
moglobin. But  when  it  has  given  up  its  oxygen  it  is  then 
known  as  reduced  hemoglobin. 

Oxyhemoglobin  is  formed  in  the  organs  of  respiration  and 
is  then  carried  by  the  circulation  of  the  blood  and  its  cor- 
puscles to  the  tissues  of  the  body.  The  latter  are  relatively 
rich  in  C02  and  poor  in  oxygen,  and  it  is  among  them  that 
the  oxyhemoglobin  is  converted  to  reduced  hemoglobin  by 
there  giving  up  its  oxygen.  When  it  again  reaches  the 
respiratory  organs,  it  is  once  more  reconverted  to  oxyhemo- 
globin, and  thus,  in  regularly  alternating  phases,  it  goes  on 
so  long  as  life  lasts. 

The  carbon  dioxide  excreted  by  the  tissues  is  in  part 
taken  into  solution  in  the  plasma,  in  part  it  forms  an  associ- 
ation with  some  of  the  proteins  of  the  plasma,  and  in  part  it 
also  forms  a chemical  combination  with  the  sodium  carbonate 
of  the  plasma,  as  sodium  bicarbonate.  It  is  also  possible 
that  a certain  part  of  it  may  form  an  association  with  the 
reduced  haemoglobin.  The  dissociation  of  the  C02  from 
the  proteins  of  the  plasma  appears  in  some  way  to  depend 
upon  the  influence  of  the  corpuscles.  The  passage  of  the 
C02  from  the  blood  to  the  air-sacs  of  the  lungs  is  doubtless 
effected  partly  by  the  physical  process  of  diffusion  and 
partly  perhaps  by  the  secretory  activity  of  the  cells  of  the 
pulmonary  epithelium.  The  same  fundamental  processes 
are  at  work  in  aquatic  as  in  terrestrial  or  air-breathing 
forms. 

In  all  Vertebrata,  with  the  exception  of  Lcploccphalus,1  the 
haemoglobin  is  carried  in  the  red  corpuscles.  It  is  lodged 
in  the  microscopic  meshes  of  the  stroma  of  the  corpuscles. 
In  the  earthworm  and  some  other  worms  too,  the  haemo- 
globin is  dissolved  in  the  plasma  of  the  blood.  The  cor- 
puscles in  these  animals  are  all  colourless.  In  some  molluscs 
and  arthropods,  the  plasma  contains  haemocyanine,  a pigment 
which  plays  the  same  part  as  the  haemoglobin.  It  imparts  a 
1 In  this  fish,  all  the  corpuscles  are  colourless. 
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barely  perceptible  bluish  tinge  to  the  blood  when  seen  in 
quantity. 

The  Corpuscles 

In  the  Vertebrata  the  corpuscles  of  the  blood  may  be 
classed  into  two  groups  : namely,  the  red  and  the  colourless. 
The  red  are  much  the  more  numerous  ; they  occur,  in  most 
mammals,  in  the  ratio  of  about  500  red  to  1 colourless. 


Red  Corpuscles 


In  fishes,  amphibia,  reptiles,  and  birds  the  red  blood 
corpuscles  are  relatively  large,  oval,  biconvex,  nucleated 
discs  (Plate  IV,  Figs.  2 and  3).  In  the  frog  they  measure  in 
their  long  axis  about  0-022  mm.  and  in  their  short  axis 
0-015  mm.  But  in  mammals  the  red  corpuscles  are  much 
smaller,  namely,  0-0075  in  diameter.  They  are  round, 
biconcave,  or  plano-concave,  non-nucleated  discs  (Plate  IV 
Fig.  1). 

All  red  corpuscles  are  invested  externally  by  an  extremely 
thin  film,  not  possible  to  see  in  mammalian  blood,  but  in 
amphibian  blood  it  can  be  demonstrated  by  suitable  staining 
re-agents.  Internally,  the  red  corpuscle  is  composed  of  a 
microscopic  meshwork  called  the  stroma  (s).  This  forms  the 
body  of  the  cell  and  it  lodges  the  haemoglobin  in  solution. 
The  nucleus  (n)  of  red  corpuscles  (those  of  the  mammal 
excepted,  where  it  is  absent)  is  prominent  and  oval,  and  in 
some  cases  a distinct  nuclear  skein  is  present  (Plate  IV, 
Figs.  2,  3 n).  The  nucleus  is  devoid  of  haemoglobin 

The  red  corpuscles  are  elastic  and  can  bend  or  lengthen 
when  passing  through  narrow  capillaries  or  turning  a corner. 


The  White  or  Colourless  Corpuscles. 

There  are  many  sorts  of  colourless  corpuscles.  We  shall 

sp?keCn0oT:r  CW1  WndS  h6re-  They  sometimes 
spoken  of  as  leucocytes.  Some  varieties  are  markedly 

amcebo.d  m their  habits,  and  these  are  distinguished  from 

0trlWh'fC  r,  1CSS  S°’  by  "aming  lhem  the  Phagocytes. 
Fj  cl  °f|  N CUC0CyteS  are  coarsely  granular  (Plate  IV, 
g.  5)  and  others  are  hnely  granular  (Fig.  4).  i„  s0lnc  t|]e 
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granules  stain  with  acid  stains  such  as  eosin,  and  in  others 
only  with  basic  stains  such  as  methyl  green  and  methylene 
blue.  Others  stain  with  both  kinds  of  stains,  and  yet  others 
will  only  stain  with  neutral  stains. 

Some  leucocytes  have  a fragmented  or  lobed  or  multiple 
nucleus  (Figs.  4 and  7),  and  others  only  one  (Figs.  6,  8 and  9). 

The  leucocytes  are  largely  classified  by  the  chemical  or 
staining  reaction  of  their  granules,  the  condition  of  their 
nucleus,  and  the  degree  of  their  amoeboid  activity.  We  may 
consider  the  following  varieties  : — 

(1)  Polymorphonuclear  or  polynuclear  corpuscles. 

(2)  Eosinophil  or  oxyphile  corpuscles. 

(3)  Basophil  corpuscles. 

(4)  Macrocytes  or  hyaline  corpuscles. 

(5)  Lymphocytes. 

The  polynuclear  corpuscles  (Plate  IV,  Fig.  4)  constitute 
about  70  per  cent,  of  the  leucocytes  of  the  blood.  They 
are  relatively  large  and  measure  o-oi  mm.,  the  red  corpuscles 
being  only  about  0-0075  mm.  The  protoplasm  stains  readily 
with  acid  stains  while  the  granules,  which  are  very  fine, 
stain  only  with  neutral  stains.  The  characteristic  feature 
of  these  corpuscles  is  the  condition  of  their  nucleus  (n). 
There  may  be  apparently  two,  three,  or  even  five  nuclei 
present.  But  careful  examination  reveals  the  fact  that  these 
are  joined  to  each  other  by  strands  of  nuclear  matter.  In 
some  of  these  corpuscles  there  is  only  a single  nucleus,  but 
it  is  lobed  into  three  or  more  divisions.  It  is  clear  therefore 
that  the  nucleus  of  the  polynuclear  corpuscles  have  the 
capacity  of  breaking  up  or  fragmenting,  each  fragment 
retaining  its  connexion  with  the  other  by  filaments  of  its 
own  material.  The  corpuscles  are  markedly  amoeboid 
(Fig.  7)  and  strongly  phagocytic.  By  phagocytic  we  mean 
that  they  have  the  power  of  ingesting  foreign  bodies,  in- 
cluding bacteria. 

The  eosinophil  or  oxyphile  corpuscles  (Plate  IV,  Fig.  5) 
possess  granules  which  stain  with  acid  stains.  Eosin  is  the 
stain  usually  employed.  The  granules  are  very  coarse  and 
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are  protein  in  nature.  The  corpuscles  are  about  the  same 
size  as  the  polynuclear  corpuscles.  Their  nucleus  is  usually 
bilobed.  They  constitute  about  1 per  cent,  of  the  colour- 
less corpuscles,  though  their  number  appears  liable  to  some 
degree  of  fluctuation,  and  at  times  they  may  constitute  as 
many  as  10  per  cent,  of  the  whole.  They  are  amoeboid 
to  a slight  extent  only. 

The  basophil  corpuscles  are  very  rare,  being  less  than 
0-5  per  cent,  of  the  total  leucocytes.  They  differ  markedly 
in  their  chemical  nature,  as  indicated  by  the  special  way 
they  react  towards  stains.  Their  granules  are  irregular  in 
distribution  and  unequal  in  size,  and  stain  intensely  with 
basic  stains. 

The  macrocytes  or  hyaline  corpuscles  (Plate  IV,  Figs.  8 
and  9)  are  the  largest  in  mammalian  blood.  They  are  more 
than  twice  the  size  of  the  red  corpuscle.  They  are  charac- 
terized by  their  clear  or  hyaline  protoplasm  (cy),  which  is 
quite  free  of  granules.  The  protoplasm  stains  weakly  with 
basic  stains  ; or,  as  we  express  it,  it  is  weakly  basophile. 
The  nucleus  (n)  is  single,  large,  of  variable  shape — round, 
oval  or  kidney-shaped — and  excentric  in  position.  They  are 
highly  phagocytic  and  amoeboid,  throwing  out  long  pseudo- 
podia (Fig.  9,  ps).  They  constitute  rather  more  than  1 per 
cent,  of  the  leucocytes. 

The  lymphocytes  (Plate  IV,  Fig.  6)  are  the  smallest  of  the 
leucocytes  ; they  are  even  smaller  than  the  red  corpuscles. 
Their  chief  feature,  apart  from  their  small  size,  is  the  small 
amount  of  cytoplasm  (cy)  and  the  relatively  large  size  of 
the  nucleus  (n).  The  nucleus  frequently  stains  more  uni- 
formly than  other  varieties.  The  number  present  appears 
liable  to  fluctuation  ; on  an  average  they  represent  about 
23  per  cent,  of  the  leucocytes,  though  there  may  be  as  few 
as  15  per  cent,  and  as  many  as  30  per  cent.  They  appear 
to  be  more  numerous  in  infancy  than  in  adult  life.  The 
reticular  structure  of  the  scanty  cytoplasm  is  brought  out 
well  by  basic  stains  and  especially  by  methylene  blue. 

The  size  both  of  the  lymphocytes  and  of  the  macrocytes 
appears  subject  to  variation,  in  the  sense  that  many  inter- 
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mediate  sizes  are  present.  This  and  other  features  has 
led  to  the  belief  that  the  lymphocyte  represents  the  early 
stage  of  a macrocyte.  Both  are  uninucleate,  and  in  both 
the  cytoplasm  is  clear  and  basophile  in  reaction. 


Epithelium 

An  epithelium  is  a membranous  tissue  which  covers 
any  internal  or  external  surface  of  the  body.  Epithelia 
are  for  the  most  part  derived  from  the  outer  and  inner 
germinal  layers — the  epiblast  and  hypoblast — of  the  embryo. 
The  only  exceptions  are  the  ccelomic  epithelia  and  those 
lining  the  cavity  of  the  heart  and  the  blood-vessels,  which 
in  most  cases  are  derived  from  the  mesoblast  or  middle 
germinal  layer.1 

The  epithelial  tissues  are  the  earliest  formed  during 
embryological  development.  Compared  with  other  tissues 
they  are  relatively  little  modified,  especially  certain  varieties 
of  them.  They  are  almost  wholly  cellular  in  constitution  and 
but  little  else  than  cells  take  part  in  their  formation.  They  are 
in  this  respect  markedly  contrasted  to  the  connective  tissues, 
the  bulk  of  which  is  not  cellular,  but  is  composed  of  a more 
or  less  structurally  modified  base  or  matrix.  This  matrix 
is  sometimes  spoken  of  as  intercellular  or  extracellular 
substance,  and  it  is  present  in  various  conditions,  in  most 
of  the  elementary  tissues.  In  epithelia  it  is  represented  in 
a minimal  quantity  as  a sort  of  cement  just  sufficient  to 
hold  the  cells  together.  The  cement  substance  is  a secre- 
tion of  the  cells  themselves  and  differs  in  chemical  con- 
stitution and  reactions  to  the  cell  protoplasm.  There  is 
some  reason  to  believe  that  the  cement  substance  is  com- 
posed of  very  minute  granules,  called  the  desmochondria 
granules.  In  certain  cases  the  existence  of  these  granules 
as  a constituent  of  the  cement  can  be  demonstrated  (Plate  V, 
Fig.  6,  tr).  They  are  best  seen  in  u prickle  cells  ” and  in 
those  of  assimilating  epithelia.  In  the  “prickle  cells"  of 
mammalian  skin  the  granules  are  scattered  over  the  surface 

1 In  the  chick  it  seems  quite  clear  that  the  circulatory  epithelium  is 
derived  from  the  hypoblast. 
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of  the  cells,  giving  them  a prickly  appearance  when  seen 
in  section.  But  in  the  assimilating  tissues  (Fig.  6,  tr)  they 
are  localized  along  certain  tracks,  between  the  cells 
somewhere  near  their  surfaces,  and  form  bars,  called  ter- 
minal bars.  These  bars  invest  the  cells  and  consequently 
form  a meshwork,  which  in  surface  views  will  be  seen  as  a 
honeycombed  net.  It  is  probable  that  the  bars  and  the  cement 
substances  generally  are  impervious  to  liquids  and  gases, 
and  consequently  it  is  the  cells  alone  which  determine  what 
shall  or  shall  not  pass  through  the  epithelium. 

Since  the  epithelia  clothe  the  surfaces  of  all  organs  and  of 
the  body  generally,  they  fulfil  very  diverse  functions.  They 
serve  as  it  were  as  a sort  of  barrier  standing  between  the 
environment  on  the  one  side  and  the  organism  on  the  other. 
All  that  enters  the  individual  from  without  or  is  cast  outwards 
from  it,  must  necessarily  pass  through  these  epithelia.  This 
is  true  of  stimuli  or  impulses  as  well  as  of  material  substances. 
Hence  we  find  epithelia  performing  many  functions.  The 
diversity  of  function  is  greater  than  that  of  structure.  The 
same  type  of  epithelium  (cubical)  may  line  conducting  ducts 
of  glands  and  secrete  the  limy  shells  of  snails.  It  is  an 
important  fact  which  should  be  clearly  appreciated,  that  the 
ultra-microscopic  or  molecular  structure  which  determines 
the  physiological  nature  of  a cell,  may  not  always  be  mani- 
fested by  visible  differences  of  form.  “ Things  are  not  what 
they  seem  to  be”  is  true  of  Histology  as  of  other  things. 

The  sense  organs  of  the  body  are  all  epithelial  in  nature 
and  origin.  They  are  really  modified  patches  of  ectodermic 
epithelium.  All  the  glands  are  but  involuted  or  evoluted 
foldings  or  tubules  of  epithelia.  The  secretory  alveoli  of  the 
pancreas  and  the  salivary  glands,  the  gastric  glands  of 
the  stomach,  and  the  secretory  cells  of  the  liver,  are  derived 
fiom  the  hypoblastic  (endodermic)  epithelium.  Similarly  the 
sweat  glands  of  the  skin  and  the  oil  glands  of  the  hair 
follicles  are  derivatives  of  the  epiblast  or  ectoderm.  The 
renal  tubules  of  the  frog  and  dog-fish  are  also  epithelial  in 
origin  and  deiivedfiom  tubular  outfoldings  of  the  mesodermic 
coelomic  epithelium. 
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The  epithelial  lining  of  glands  is  either  secretory  or  ex- 
cretory in  nature.  Secretory  cells  are  concerned  in  forming 
various  ferments,  mucins,  fats  or  oils,  pigments,  gases,  calcium 
carbonate,  and  colloidal  poisons  of  extreme  virulency.  Ex- 
cretory cells  are  engaged  in  extracting  preformed  materials 
from  the  blood  and  discharging  them  unaltered,  or  in  picking 
out  the  constituents  of  the  excretory  substance  and  combining 
them  before  discharge.  Many  epithelial  cells  are  modified 
to  receive  stimuli  from  the  environment  and  to  pass  them  on 
to  the  central  nervous  system,  through  the  connecting  agency 
of  the  nerves.  Some  are  modified  in  order  to  produce  currents 
of  motion  in  the  channels  which  they  line  (Plate  V,  Figs, 
i,  2,  4 and  5).  While  yet  others  are  modified  so  as  to  form  a 
protective  and  supporting  epithelium  ; such  a cell  we  see 
figured  in  Plate  V,  Fig.  4,  which  represents  one  of  the  cells  of 
the  covering  ectoderm  of  a flat-worm.  The  vertical  filaments 
traversing  the  cells  tend  to  give  it  support  and  to  more  effec- 
tually protect  the  inner  tissues  of  the  worm.  Other  epithelia 
merely  serve  to  line  a cavity  and  render  it  smooth  and  moist. 

Epithelia  may  be  classified  in  various  ways  ; either  based 
upon  their  embryological  origin,  their  physiological  nature,  or 
their  structural  features.  Here,  we  shall  adopt  the  latter 
basis  and  classify  them  according  to  the  form  of  their  cells. 
Upon  such  a basis  we  may  recognize  the  following  types  of 
epithelia  : Squamous,  Cubical,  Columnar,  and  Ciliated. 
These  varieties  are  composed  of  a single  row  or  layer  of  cells 
only.  In  most  such  epithelia,  the  cells  rest  upon  a structure- 
less basement  membrane,  which  is  formed  as  a basal  extension 
of  the  cement  substance  (Plate  V,  Fig.  6).  But  in  a great 
many  of  the  Invertebrata  a basal  membrane  is  not  present. 
An  epithelium  composed  of  a single  layer  of  cells  may  be 
termed  a Simple  Epithelium.  But  there  are  some  which 
consist  of  several  layers  and  are  called  Multiple  or  Stratified 
Epithelia.  Such  an  epithelium  is  seen  in  the  Vertebrate 
epidermis  or  ectoderm  (Fig.  8),  and  in  that  of  a few  Inverte- 
brata. A stratified  epithelium  is  derived  during  embryo- 
logical  development  from  a simple  one,  partly  by  mitotic 
and  partly  by  amitotic  division  of  the  cells. 
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(A)  Simple  Epithelia 

(1)  Squamous  Epithelium 

Squamous  epithelium  lines  the  buccal  cavity  of  mammals. 
A variety  of  it  called  tessellated  epithelium  lines  the  body 
cavity  of  some  animals  and  the  cavities  of  the  heart  and 
blood-vessels.  It  apparently  serves  merely  to  render  the 
cavities  which  it  lines  smooth  and  moist,  but  it  is  not 
improbable  that  it  fulfils  important  secretory  or  excretory 
functions.  In  a great  many  organisms  an  excretory  func- 
tion for  the  coelomic  epithelium  has  been  experimentally 
demonstrated. 

Squamous  epithelium  (Fig.  7)  is  characterized  by  the 
thinness  or  scale-like  nature  of  its  cells.  It  is  almost  all 
surface  without  thickness.  In  ordinary  cases  its  cells,  as 
seen  in  surface  view,  are  polygonal  or  hexagonal  in  form. 
But  in  the  tessellated  variety  the  cells  have  a wavy  or 
sinuous  outline  so  as  to  appear  to  be  dove-tailed  into  each 
other. 

(2)  Cubical  Epithelium 

A cubical  epithelium  is  composed  of  cells  which  are 
approximately  cubical  in  form  ; that  is,  they  are  about  the 
same  length  in  width,  height,  and  thickness  (Fig.  3).  Seen 
in  surface  view,  these  cells  are  polygonal  or  hexagonal  in 
form.  Cubical  epithelium  occurs  in  various  positions,  but 
chiefly  lining  the  merely  conducting,  as  distinguished  from 
the  secretory  portions  of  the  ducts  of  glands.  It  may,  how- 
ever, occur  as  an  excretory  or  secretory  epithelium,  as  in 
the  renal  tubules  of  the  frog  and  the  shell-forming  epithelium 
of  some  snails,  respectively. 

(3)  Columnar  Epithelium 

Columnar  epithelium  is  probably  one  of  the  most  widely 
occurring  types.  Nearly  all  assimilatory,  secretory,  and 
excretory  epithelia  belong  to  this  type.  It  is  composed  of 
elongate  five-  or  six-sided  prismatic-form  cells  (Figs.  1,  2,  4, 
5 and  6).  In  longitudinal  section,  they  are,  of  course,  only 
seen  as  long  column-like  cells.  The  ectoderm  of  Hydra  and 
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the  Earthworm,  the  epithelium  of  the  alimentary  canal  and 
of  some  of  its  related  glands,  and  the  epithelium  lining  the 
trachea  and  bronchial  tubes  and  the  gills  of  oysters  and 
mussels,  are  of  this  type.  In  some  columnar  epithelium,  the 
adjacent  cells  are  all  in  contact  with  each  other  along  their 
whole  lengths,  but  in  other  instances  (Figs.  2 and  6),  this 
contact  only  occurs  near  the  free  surface,  and  spaces  are  left 
between  the  cells  towards  their  basal  or  attached  ends.  It 
is  in  the  columnar  epithelium  that  the  terminal  bars  {supra, 
p.  279)  already  described  may  be  most  readily  seen. 

The  columnar  epithelium  which  lines  the  intestinal  tract 
of  most  Vertebrates  is  characterized  by  having  the  free 
border  of  its  cells  vertically  striated  (Fig.  6).  This  is  called 
the  striated  free  border.  In  the  secretory  epithelium  of 
the  salivary  and  pancreatic  glands,  and  in  the  convoluted 
tubules  of  the  mammalian  kidney,  this  striation  is  more 
extensive  and  passes  throughout  the  length  of  the  cell. 

(4)  Ciliated  Epithelium 

Any  type  of  epithelium  may  be  ciliated.  The  characteristic 
feature  of  a ciliated  epithelium  is  the  presence  of  one  or 
more  extremely  fine  and  spontaneously  moving  protoplasmic 
filaments  extending  beyond  the  free-surface  of  the  cell  (Figs. 
1,  2,  4 and  5).  Apparently  cilia  fall  into  two  classes.  In 
the  one,  they  are  simply  prolongations  of  the  surface  proto- 
plasm of  the  cell  (Figs.  1 and  2).  In  the  other,  they  are 
specialized  filaments  arising  within  the  cell  substance  (cyto- 
plasm), and  projecting  beyond  the  free  border  of  the  cell 
into  the  cavity  which  the  epithelium  lines  (Figs.  4 and  5). 
In  some  cases  they  show  a decidedly  granular  structure  in 
some  parts,  or  throughout  their  length,  and  they  may  in 
other  cases,  in  addition,  show  bead-like  enlargements  just 
below  the  free  surface  of  the  cell  (Figs.  4 and  5).  In  some 
instances  the  cilia  arise  just  within  the  free-border  (Fig.  4)1 
but  in  other  cases  they  may  converge  together  within  the 
cytoplasm  and  form  a conical  bundle  which  passes  deep  into 
the  cell.  In  the  cell  shown  in  Fig.  5,  the  cilia  pass  through- 
out the  length  of  the  cell  in  parallel  fibres,  and  here  it  is 


HISTOLOGY 


283 


probable  that  the  cell  part  of  the  cilia  serves  the  purpose  of 
a kind  of  “ stays,”  giving  support  to  the  cell  and  rendering 
it  more  rigid  than  it  would  otherwise  be. 

Ciliated  epithelium  occurs  wherever  a constant  motion 
along  a chamber  or  channel  is  necessary,  either  to  carry  off 
mucus  or  foreign  extraneous  particles,  or  to  carry  excretory 
matters  to  the  surface.  It  is  found  in  the  trachea  and 
bronchial  tubes  of  mammals,  setting  up  an  outward  current  ; 
in  the  buccal  cavity  of  the  frog,  causing  an  inward  current  ; 
in  the  oviducts  of  the  frog  and  mammals,  and  in  the 
pronephric  and  mesonephric  tubules  of  many  Vertebrates, 
producing  an  outward  current.  It  also  occurs  in  the  central 
canal  of  the  spinal  cord  of  Vertebrates  before  birth,  but 
disappears  afterwards. 

(B)  Stratified  Epithelium 

A stratified  epithelium  is  represented  in  Fig.  8.  Its 
essential  feature  is  its  multilayered  condition.  Its  various 
layers  arise  from  a primarily  single  layer  by  mitotic  division 
of  its  cells.  The  daughter  cells  which  are  thus  bedded  off 
may  then  proceed  to  divide  further,  but  usually  by  amitotic 
division. 

A stratified  epithelium  covers  a surface  where,  owing  to 
its  relation  to  the  environment,  or  to  the  necessity  of  a 
plentiful  discharge  of  some  secretory  substance,  constant 
destruction  of  the  surface  or  deeper  epithelial  cells  is 
occurring.  The  ectoderm  of  mammals,  the  scales  of  reptiles, 
and  of  the  legs  of  birds,  are  instances  of  the  former  kind, 
while  the  epithelium  which  covers  the  surface  of  the  con- 
junctiva in  the  alligator,  and  that  which  lines  the  oil  glands 
of  a chicken,  of  the  stink  glands  of  the  stink-pot  turtle,  of 
the  scent  gland  of  the  skunk,  and  the  anal  glands  of  the 
Carnivora,  may  be  cited  as  examples  of  the  latter. 

The  Connective  Tissues 

The  connective  tissues  may  in  a sense  be  described  as  the 
passive  tissues  of  the  body.  The  softer  forms  constitute  a 
kind  of  packing  stuff  which  supports  the  active  tissues  of 
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the  body  ; while  the  harder  or  more  rigid  forms  serve  as 
skeletal  frameworks.  So  thoroughly  do  the  connective  tissues 
permeate  every  part  of  the  organism,  that  were  it  possible 
to  remove  all  other  kinds  of  tissues,  such  as  the  epithelial, 
the  muscular  and  nervous,  there  would  still  remain  an  exact 
mould  of  the  body,  complete  in  form  and  manifesting  even 
the  minutest  microscopic  details. 

In  embryological  origin,  the  connective  tissues  arise  from 
the  mesoblast  (mesoderm),  and  are  thus  markedly  contrasted 
to  the  epithelial  tissues,  which  are  mainly  epiblastic  (ecto- 
dermic) and  hypoblastic  (endodermic)  in  their  origin.  The 
two  classes  of  tissues  are  further  contrasted  by  the  relative 
amount  of  extracellular  substance  (cement  substance  or 
matrix)  which  is  developed.  In  the  epithelial  tissues  this 
material,  as  we  have  already  seen,  is  present  in  only  minimal 
quantity,  while  it  forms  the  bulk  of  connective  tissues.  In 
other  words,  the  epithelial  tissues  are  practically  wholly 
cellular,  while  the  connective  tissues,  none  the  less  cellular 
in  origin  and  in  ultimate  analysis,  are  mainly  made  up  of 
extracellular  ground  substance. 

In  embryological  tissues,  this  ground  substance  or  matrix 
may  be  of  jelly-like  consistence,  and  when  it  occurs  in  this 
form  upon  the  umbilical  cord  of  mammals,  for  instance,  it  is 
known  as  Wharton’s  jelly.  In  the  earlier  stages  of  their 
origin,  the  connective  tissues  consist  of  branched  stellate 
cells  (Plate  VI,  Fig.  1,  m.c),  the  fibres  or  processes  of  which,  in 
most  cases,  anastomose  with  those  of  adjacent  cells.  There 
is  thus  formed  a kind  of  reticulum  or  network,  the  cells  lying 
at  the  apparent  nodes  of  the  net.  Between  these  cells,  and 
filling  up  the  mesh  of  the  network,  there  is  deposited,  as  a 
secretion  of  the  cells,  a semi-fluid  or  jelly-like  substance, 
having  a muco-albuminous  chemical  composition.  Within 
this  slimy  ground  substance  (intercellular  or  extracellular 
substance  or  matrix  as  it  is  technically  termed)  there  are 
deposited  later  either  threads  or  fibres  of  different  kinds 
(Figs.  2,  3 and  4),  or  else  the  substance  becomes  chemically 
and  physically  altered  to  produce,  not  a semi-fluid  ground 
substance,  but  a more  rigid  matrix.  The  connective  tissues 
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which  thus  develop  a more  or  less  completely  or  partially 
fibrous  matrix,  become  the  tensile  tissues  and  serve  to  bind 
or  connect  other  tissues  together.  These  varieties  are 
characterized  by  great  pliability  combined  with  great  strength. 
On  the  other  hand,  the  varieties  in  which  the  ground  sub- 
stance becomes  either  wholly  or  partially  of  a rigid  nature, 
serve  the  function  of  support  and  protect  the  organisms  from 
the  consequences  of  impact,  bending,  shearing,  or  wearing. 
They  become  the  skeletal  tissues. 

The  above  varieties  of  connective  tissues  possess  an  extra 
cellular  secretion  or  ground  substance.  But  there  is  one  form 
of  connective  tissue  in  which  the  cell  secretion  is  not  secreted 
to  the  outside  of  the  cells,  but  remains  within  them.  In  other 
words,  the  secretion  remains  in  an  intracellular  position. 
Adipose  or  fatty  tissue  is  a variety  of  this  kind.  It  subserves 
several  purposes,  but  the  chief  one  is  probably  that  of  acting 
as  a reservoir  of  reserve  material  which  may  be  utilized  as  a 
food  when  the  organism  is  deprived  of  the  ordinary  source. 
Subcutaneous  fat,  the  fat  bodies  in  insects  and  insect  larvae, 
and  those  that  are  found  in  various  positions  in  reptiles  and 
attached  to  the  gonads  in  amphibia,  may  be  mentioned  as 
examples. 

The  connective  tissues  may,  for  elementary  purposes,  be 
classified  as  follows  : — 


(6)  Adipose  tissue. 

The  characters  and  distribution  of  each  of  these  may  next 
be  studied  in  the  order  given. 


Tensile  connec- 
tive tissues 


(1)  Areolar  tissue. 

(2)  White  fibrous  tissue. 

(3)  Yellow  fibrous  or  elastic  tissue. 


Supporting  con- 
nective tissues 


( (5)  Bone 


Areolar  Tissue 

Areolar  tissue  occurs  as  a subcutaneous  tissue  which  binds 
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the  skin  to  the  body  wall.  It  also  occurs  as  a packing  and 
binding  substance  between  the  muscles. 

Its  ground  substance  consists  partly  of  a homogeneous, 
transparent,  soft  material,  chemically  composed  mainly  of 
mucin,  and  partly  of  two  kinds  of  fibres  (Fig.  4,  w.f  and  e.f). 
Like  the  cement  substance  of  the  epithelial  tissues,  the  clear 
part  of  the  ground  substance  readily  reduces  weak  solutions 
of  silver  nitrate,  and  thereby  becomes  stained  brown.  The 
two  kinds  of  fibres  present  may  be  readily  distinguished. 
The  white  fibres  (w.f)  are  individually  wavy  and  unbranched, 
and  are  bound  together  into  larger  or  smaller  bundles,  which 
traverse  the  tissue  in  all  directions  in  a very  sinuous  fashion. 
The  yellow  or  elastic  fibres  (e.f)  run  not  in  bundles,  but 
singly,  and  are  straight  and  branched.  The  former  fibres  are 
readily  affected  by  the  action  of  weak  acetic  acid  (1  percent.), 
and  become  swollen  and  transparent,  so  as  to  disappear  from 
view.  The  latter  fibres  are  unaffected  by  acetic  acid. 

The  cellular  contents  of  areolar  tissue  are  various.  For 
general  purposes  they  may  be  collectively  designated  as  con- 
nective tissue  corpuscles  or  cells.  Four  chief  kinds  occur, 
fie.,  Lamellar  (l.c),  Clasmatocytes  (p.c),  Plasma  and  Granu- 
lar or  “ Mast  ” cells  (g.c).  The  lamellar  cells  are  flattened 
and  branched.  The  clasmatocytes  vary  greatly  in  size  and 
shape,  they  are  only  rarely  flattened,  and  their  chief  charac- 
teristic is  the  extensive  vacuolation  of  their  protoplasm,  which 
is  sometimes  granular.  The  granular  or  “ mast  ” cells  are 
usually  rounded  or  ovoidal  in  shape,  and  their  cell  protoplasm 
is  laden  with  granules  of  an  albuminous  nature,  which  stain 
deeply  with  basic  aniline  dyes.  The  plasma  cells  are  rounded 
or  only  slightly  branched  ; they  have  a small  rounded  nucleus 
and  the  cytoplasm  is  granular.  These  granules  stain  less 
intensely  with  basic  stains  than  those  of  the  “mast”  cells. 

White  Fibrous  Tissue 

Wherever  great  strength  combined  with  perfect  flexibility 
is  required,  white  fibrous  tissue  will  be  found.  It  thus  forms 
the  material  of  tendons,  ligaments,  and  fibrous  membranes. 
Some  tendons  and  ligaments  contain  in  addition  a few  elastic 
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fibres,  while  certain  ligaments— the  ligamentum  nuchae  and 
the  ligamenta  sub-flava — are  practically  wholly  composed  of 
the  yellow  or  elastic  fibres. 

In  White  Fibrous  Tissue  (Plate  VI,  Fig.  2,  w.f),  the  matrix  or 
ground  substance  is  wholly  composed  of  very  fine  white  fibres 
bound  together  into  bundles.  These  may  be  again  bound 
together  to  form  larger  bundles,  and  these  in  turn  may  be 
combined  to  form  a tendon  or  a sheet  of  tissue.  The  bundles 
of  white  fibres  are  held  together  by  investments  and  trabe- 
culae of  areolar  tissue.  A typical  white  fibrous  tissue  may  be 
seen  in  any  tendon  of  a muscle,  and  for  purposes  of  observa- 
tion the  long  tendons  in  the  tail  of  a rat,  mouse,  or  ox  are 
easily  obtained.  Each  tendon  is  composed  of  a number  of 
bundles  of  white  fibres  (w.f),  running  in  a longitudinal  direc- 
tion and  parallel  to  each  other,  with  the  connective  tissue 
corpuscles  or  tendon  cells  (t.c)  lying  between  them.  These 
cells  are  flattened,  and  are  more  or  less  elongate  in  form. 
They  are  usually  arranged  in  chains.  The  cyto-protoplasm 
of  the  cells  is  drawn  out  into  plate-like  expansions  or  “ wings,” 
which  pass  forwards,  backwards,  and  laterally  from  the  cell, 
and  lie,  squeezed  as  it  were,  between  the  bundles.  Seen  in 
transverse  section  such  cells  appear  stellate  or  branched  in 
form,  but  in  surface  view  (Fig.  2)  they  are  square  or  oblong 
in  shape,  or  in  some  cases  oval.  The  white  fibres  become 
transparent  under  the  action  of  weak  acetic  acid,  and  the 
cells  are  then  more  readily  seen. 

Yellow  Fibrous  or  Elastic  Tissue 

Where  great  strength  combined  with  yielding  properties, 
or  where  an  elastic  recoil  after  pressure  or  contraction  is 
requisite,  elastic  tissue  will  be  found. 

It  forms  the  major  part  of  the  great  ligament  (ligamentum 
nuchae)  which  runs  along  the  neck  and  supports  the  head  of 
long-necked  mammals  such  as  the  ox  and  horse.  It  is  found 
also  in  the  walls  of  arteries  and  veins  either  as  a network  or 
as  a fenestrated  (perforated)  membrane.  It  occurs  also  in  the 
walls  of  the  trachea  and  bronchi,  and  it  unites  the  cartilages 
of  the  larynx  to  each  other.  In  these  situations  it  serves  to 
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supply  the  recoil  when  the  muscular  contraction  of  the  related 
muscles  has  relaxed.  It  is  found  occasionally  associated 
with  white  fibres,  as  in  areolar  tissue  (Fig.  4),  and  it  forms  an 
essential  element  in  the  ground  substance  of  yellow  fibrous 
cartilage. 

It  usually  occurs  in  the  form  of  a network  of  fibres  (Fig.  3, 
y.f),  which  may  be  very  small  or  very  large,  as  in  the  liga- 
mentum  nuchas.  These  fibres  are  unaffected  by  acetic  acid. 
They  are  bound  together  into  somewhat  indefinite  bundles  by 
trabeculae  of  areolar  tissue.  They  lie  embedded  in  a homo- 
geneous base  which  is  transparent,  but  is  readily  revealed  by 
treatment  with  silver  nitrate.  In  this  matrix  branched  con- 
nective tissue  corpuscles  (Fig.  3,  c.t.c)  are  present. 

Hyaline  Cartilage 

In  cartilage  (Plate  VI,  Fig.  6,  m.a)  the  extracellular  ground 
substance  or  matrix  consists  of  a somewhat  rigid  material 
called  chondrin  or  chondrogen.  This  material  is  secreted 
by  the  cartilage  corpuscles  or  cells.  As  they  divide  and 
form  more  cells,  the  matrix  increases  in  amount.  Sometimes 
the  cell  divisions  are  by  mitosis  and  sometimes  they  are  ami- 
totic. The  cell  divisions  appear  to  occur,  in  most  cases,  by 
alternating  and  periodic  phases  of  activity  and  rest. 

The  active  period  seems  to  extend  through  two  cell 
divisions  which  follow  in  quick  succession.  In  this  way 
groups  of  four  cells  are  produced.  Then  the  division  of 
the  cells  temporarily  ceases  and  they  begin  to  secrete  around 
themselves  new  matrix  in  concentric  layers.  The  four  cells 
are  thus  slowly  carried  apart  and  become  single  ungrouped 
cells.  After  a time  they  begin  to  divide  again  and  the  same 
series  of  events  is  passed  through.  Since  some  cells  will 
have  only  just  divided  into  two,  and  others  into  four,  while 
others  will  be  in  a period  of  rest,  it  follows  that  at  any  given 
moment  all  three  conditions  of  the  cells  may  exist  and  will 
be  seen  in  a single  section.  Some  cells  will  be  ungrouped, 
others  in  groups  of  two  and  others  in  groups  of  four.  1 his 
particular  grouping  can,  however,  only  occur  when  the 
second  cell  division  is  at  a right  angle  to  the  first.  But  in 
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some  cartilages  situated  in  certain  positions,  like  that  which 
caps  the  heads  of  long  bones  at  the  joints,  and  known  as 
Articular  cartilage,  the  successive  cell  divisions  are  mostly 
in  one  plane.  This  plane  varies  according  to  the  depth  in 
the  cartilage  at  which  the  cell  divisions  are  proceeding.  In 
the  deeper  portions  (z'.e.,  near  the  bone)  the  planes  of 
division  are  parallel  with  the  surface  of  the  cartilage,  but  in 
the  more  superficial  part  they  are  at  right  angles  to  the 
surface.  Between  these  two  zones  the  planes  are  at  various 
angles  and  the  grouping  into  four  cells  is  not  then  in- 
frequent. 

The  cartilage  cells  are  usually  rounded  or  oval  and  un- 
branched (Fig.  6,  c.c).  They  are  so  in  most  Vertebrate 
cartilages,  but  in  that  of  Cephalopods  (Cuttlefish  and  Squid), 
and  in  some  fishes  they  are  markedly  branched,  and  the 
branches  anastomose  with  each  other.  This  branched  con- 
dition may  be  seen  even  in  Vertebrate  cartilage  upon  its 
extreme  free  border  where  it  is  in  contact  with  its  covering 
of  fibrous  membrane,  the  perichondrium,  and  in  the  earlier 
embryonic  stages  of  development.  In  the  later  stages  of 
development  the  branches  or  processes  become  retracted 
and  the  cells  then  appear  somewhat  bluntly  angular  and 
irregular  in  form  (Plate  VI,  Fig.  5).  Later  still  the  irregular 
form  of  the  cells  is  replaced  by  the  rounded  or  oval  form  of 
fully  developed  cartilage. 

The  nuclei  of  cartilage  cells  are  usually  conspicuous.  In 
some  cases  the  cytoplasm  stores  up  a kind  of  animal  starch, 
called  glycogen,  and  in  others  fat  is  similarly  stored. 

Hyaline  cartilage  occurs  chiefly  on  the  heads  of  long 
oones  where  it  forms  a sort  of  cap,  and  at  the  sternal  ends  of 
fibs.  It  is  also  found  in  the  rings  of  the  trachea  and  the 
cartilages  of  the  nose.  The  cartilage  found  in  Cephalopods  is 
) ilso  of  the  hyaline  variety  and  so  is  that  of  some  cartilaginous 
ifishes,  though  in  this  latter  case  it  is  often  hardened  by 
imorphous  deposits  of  calcium  salts.  In  some  Invertebrates 
j!  ind  lower  Vertebrates  the  matrix  contains  mucin  instead  of 
W:hondrogen.  It  can  be  recognized  by  staining  yellow  with 
ii.hionin. 
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Fibrous  Cartilage 

There  are  two  varieties  of  fibrous  cartilage,  namely,  elastic 
or  yellow  fibro-cartilage  and  white  fibro-cartilage. 

In  the  former  the  matrix  is  pervaded  with  a network  of 
elastic  fibres.  In  the  latter  the  matrix  is  largely  replaced  by 
a large  number  of  wavy  white  fibres  running  in  one  determi- 
nate direction.  Under  the  microscope  it  resembles  white 
fibrous  tissue,  but  may  be  distinguished  from  it  by  the  form 
of  its  cells,  which  are  cartilage  corpuscles  and  not  tendon 
cells. 

White  fibro-cartilage  is  found  in  the  intervertebral  discs 
and  is  of  great  strength.  The  elastic  or  yellow  fibro-cartilage 
is  found  in  the  external  ear  (but  not  in  the  auditory  meatus, 
which  is  of  the  hyaline  variety),  in  the  epiglottis  and  certain 
cartilages  of  the  larynx. 

Bone 

With  regard  to  its  gross  structure  bone  may  be  classified 
into  two  groups,  namely,  the  compact  and  the  cancellated. 
The  former  is  apparently  solid  and  heavier,  and  the  latter 
spongy  and  lighter.  In  respect  of  its  origin,  bone  may  be 
classified  as  Cartilage  bone  or  Membrane  bone.  In  the 
embryos  of  all  Vertebrates,  bone  is  preceded  either  by 
hyaline  cartilage  or  by  connective  tissue  membrane.  A 
membrane  which  is  destined  to  give  rise  to  bone,  usually, 
but  not  always,  invests  a cartilage,  and  it  is  then  known  as 
the  perichondrium.  If  bone  is  developed  within  this 
membrane,  it  is  called  a Membrane  or  Perichondrial  bone, 
but  if  it  arises  within  the  substance  of  a cartilage,  it  is  then 
known  as  Cartilage  or  Endochondrial  bone. 

Bone  is  developed  within  cartilage  by  the  operation  of  two 
processes.  First,  the  cartilage  corpuscles  become  swollen 
and  ultimately  disintegrate.  At  the  same  time  the  matrix 
becomes  calcified.  Second,  the  membrane  (the  perichon- 
drium) investing  the  cartilage  meanwhile  enters  the  cartilage 
at  the  point  where  dissolution  of  the  cartilage  cells  first 
begins.  In  doing  this  it  carries  with  it  blood-vessels  and  two 
sorts  of  special  perichondrial  cells,  which  are  later  called 
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osteoblasts  and  osteoclasts.  The  osteoblasts,  when  carried 
into  the  channels  of  the  disintegrating  matrix,  deposit  bony 
fibres,  and  between  them  granules  of  calcareous  matter.  In 
this  way,  bone  layers  are  gradually  laid  down.  Meantime, 
the  osteoblasts  are  themselves  necessarily  enclosed  between 
the  layers  which  they  form.  Simultaneously  with  this  bone 
formation  by  the  osteoblasts,  the  calcified  matrix  of  the 
cartilage  is  being  absorbed  by  the  osteoclasts.  While  the 
substance  of  the  cartilage  is  thus  being  absorbed  and  replaced 
by  bone,  the  investing  perichondrium  is  depositing  a layer  of 
periosteal  bone  around  the  central  mass  formed  within  the 
cartilage.  This  forms  the  circumferential  lamellae  of  the 
finished  bone. 

Bone  which  is  formed  before  birth  in  this  way,  while 
possessing  a more  or  less  lamellar  arrangement  of  its  bony 
matter,  is  also  largely  irregular  or  reticular  in  structure.  After 
birth  this  bone  is  replaced  by  another  type  of  bone,  in  which 
the  bony  substance  is  laid  down  in  a definite  series  of 
concentric  systems  called  Haversian  systems.  This  later 
development  of  new  bone  is  accompanied  by  a large  amount 
of  absorption  of  the  earlier  bone  by  means  of  the  osteoclasts, 
and  the  Haversian  systems,  like  the  earlier  systems,  are  built 
up  by  the  osteoblasts.  In  the  fully  formed  bone  these  latter 
are  known  as  bone  cells  or  bone  corpuscles. 

Structure  and  Composition  of  Bone 

If  bone  be  immersed  for  several  weeks  in  a dilute  acid,  it 
will  be  found  to  have  undergone  no  change  in  size  or  form, 
I but  to  have  lost  its  hardness  and  rigidity,  and  about  two- 
thirds  of  its  weight.  It  will  be  quite  flexible,  and  in  the  case 
of  long  bone,  it  is  so  much  so  that  it  may  be  twisted  and  tied 
into  a knot.  1 he  substance  which  remains  is  its  organic 
f matter,  and  if  boiled,  it  will,  like  areolar  and  fibrous  tissue, 
yield  gelatine.  The  action  of  the  acid  upon  bone  removes 
1 from  it  the  calcareous  salts  to  the  presence  of  which  it  owes 
its  hardness.  These  salts  consist  chiefly  of  calcium  phosphate, 
ut  in  addition  calcium  carbonate  and  fluoride  and  magnesium 
v phosphate  are  also  present. 
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If  instead  of  treatment  with  acid  it  be  calcined  in  a slow 
fire,  it  still  retains  as  before  its  size  and  form,  but  it  loses  one 
third  of  its  weight  and  also  its  cohesion.  Upon  the  slightest 
touch  it  crumbles  to  dust.  Its  organic  matter  has  been 
oxidized  by  the  process  and  driven  off,  leaving  only  its 
mineral  constituents  behind. 

From  the  chemical  standpoint,  bone  thus  consists  of  an 
organic  gelatine-yielding  base,  impregnated  with  lime  salts. 

Minute  Structure 

In  its  ultimate  histological  analysis — that  is,  reduced  to  the 
simplest  terms  in  which  its  structure  can  be  expressed — bone 
consists  of  a mesh-work  of  living  bone-corpuscles  (Plate  VII, 
Figs.  3 and  4,  c),  with  the  spaces  of  the  mesh  filled  up  with 
calcareous  salts  deposited  in  an  organic  base.  The  bone 
corpuscles  (Text-fig.  63,  C)  are  the  homologues  of  the  cells  of 
an  epithelium  and  of  the  connective  tissue  corpuscles  of 
fibrous  tissues.  The  hard  bony  substance  is,  in  bone,  the 
equivalent  of  the  cement  substance  in  epithelium  and  of  the 
matrix  in  the  other  connective  tissues.  Like  other  tissues, 
bone  is  thus  cellular  in  origin  and  nature,  but  as  in  the 
fibrous  tissues  so  too  in  it,  the  matrix  or  extra-cellular  sub- 
stance preponderates  in  amount  and  constitutes  the  greater 
part. 

In  the  bones  of  the  higher  Vertebrates,  the  bone  cor- 
puscles or  cells  are  arranged  in  definite  systems  of  concen- 
tric layers  (Plate  VII,  Fig.  3,  c).  Between  the  layers  of  cells 
lie  the  bony  lamellae.  In  each  system  these  are  arranged 
around  a central  canal  called  the  Haversian  canal  (H.C). 
The  whole  collection  of  concentric  bony  lamellae  which  lie 
around  any  one  Haversian  canal  is  called  a Haversian 
system  (H.S). 

Compact  bone,  like  that,  for  instance,  of  the  long  bones  of 
the  limbs,  is  made  up  of  a number  of  Haversian  systems 
bound  together  by  interstitial  and  circumferential  lamella;, 
and  arranged  around  a central  tubular  medullary  or  marrow 
cavity. 

The  bony  lamellae  of  the  Haversian  systems  contain  minute, 
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Fig.  i.  A piece  of  cardiac  muscle  fibre.  Fig.  2.  A piece  of  ihe  same  in  the  region  of  the 
junction  stripe,  highly  magnified  to  show  the  connecting  fibrils  (fib)  Fig  s Transverse 
section  of  bone  l<ig.  4.  Piece  of  same  adjacent  to  a Haversian  canal  (H  CHo  show  lymph 
space  (l.s)  and  the  continuity  of  the  lymph  cell  (l.c)  processes  with  bone  cell  (c)  processes 
br,  branch  of  cardiac  muscle  fibre  ; c,  bone  corpuscle  = bone  cell  • can  canaliculi  - 
d.b  dark  band ; f,  muscle  fibre  = muscle  cell  ; fi,  muscle  fibrils  fib  deficatc  UmcHon 
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irregularly  shaped  spaces  called  the  lacunrn  (la).  The 
lamellae  are  also  pierced  through  their  thickness  by  a 
number  of  very  small,  not  infrequently  branching,  canaliculi 
(can).  These  open  from  one  series  of  lacunae  to  adjacent 
ones  (Figs.  3 and  4),  so  that  the  lacunae  in  a Haversian 
system  are  thus  put  in  communication  with  many  others. 
Each  lacuna  contains  a bone  corpuscle  (Plate  VII,  Fig.  4,  c 
and  Text-fig.  63  C).  This  is  an  irregularly  shaped  cell 
with  many  very  delicate  protoplasmic  filaments  (C.P) 


Fig.  63.— Isolated  bone  corpuscle.  C.  Cytoplasm  of  bone  cell  (bone 
corpuscle).  C.P.  Processes  of  bone  cell.  C.I.  Neumann’s  layer  or  special 
bony  sheath  of  the  lacuna,  which  closely  invests  each  bone  corpuscle 
Neumanns  layer  belongs  to  the  matrix  and  is  a specially  resistant  portion 
of  it,  resisting  acids  after  other  parts  have  been  dissolved 


passing  out  from  it.  They  traverse  the  canaliculi  and  join 
others  coming  from  adjacent  bone  corpuscles.  In  this  way  a 
network  of  living  bone  cells  is  formed.  The  nucleus  (nu)  of 
a bone  cell  is  relatively  large.  Each  bone  corpuscle  is  closely 
invested  in  a special  bony  sheath  forming  the  wall  of  the 
acuna  (C.I),  which  is  more  resistant  to  the  action  of  acids 
han  are  the  calcium  salts  of  the  general  ground-work. 

The  canaliculi  of  the  innermost  bony  lamella  of  a Haversian 
>ystem  (Plate  VII,  Figs.  3 and  4)  open  into  the  Haversian  canal. 
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This  contains  an  arterial  capillary  vessel  bringing  blood  to 
the  canal  and  a larger  venous  capillary  taking  blood  away. 
In  addition  nerve  fibres  traverse  the  canal,  and  lymphatic 
vessels  (l.s)  are  also  present.  All  these  vessels  are  em- 
bedded in  a delicate  variety  of  fibrous  tissue  containing 
branching  connective  tissue  cells.  From  the  walls  of  the 
lymphatic  vessels,  certain  of  their  cells  (l.c)  send  branching 
protoplasmic  filaments  through  the  canaliculi  of  the  inner- 
most lamella,  and  these  anastomose  with  those  of  some  of 
the  bone  corpuscles.  The  Haversian  system  as  a whole  is 
probably  partly  nourished  by  the  blood  plasma  which  exudes 
through  the  walls  of  the  thin  capillaries,  and  which,  per- 
colating through  the  canaliculi  and  lacunas,  permeates  the 
bone  cells.  In  part  also,  no  doubt,  the  outer  bone  cells  are 
nourished  by  the  agency  of  the  innermost  ones  which  are 
immediately  in  relation  with  the  contents  of  the  Haversian 
canal.  The  bone  cells  of  a Haversian  system  are  really 
members  of  a colony,  and  their  nutrition  is  a common  act: 
nutriment  absorbed  at  one  part  diffuses  indirectly  through 
the  whole. 

The  blood-vessels,  lymphatics,  nerves,  and  connective 
tissues  present  in  the  Haversian  canals  are  carried  there  by 
ingrowths  of  the  periosteum  or  membrane  which  externally 
invests  the  bone  as  a sheath-like  covering. 

In  the  long  bones  of  the  frog  there  are  no  Haversian 
canal  systems.  A transverse  section  of  a frog’s  femur  shows 
it  to  be  built  up  of  a few  concentric  layers  which  are  arranged 
around  the  marrow  cavity,  not  around  a Haversian  canal. 
The  innermost  lamellae  are  thinner  and  present  a more 
refractive  appearance  than  the  outer  ones.  The  whole  thick- 
ness of  the  bone — that  is,  the  whole  series  of  bony  layers— 
is  pierced  by  nutritive  canals  passing  from  the  periosteal 
surface  to  the  marrow  cavity.  The  bone  in  the  course  of 
development  is  formed  by  two  osteogenetic  membranes,  one 
lining  the  marrow  cavity  and  the  other  forming  the  inner 
layer  of  the  investing  periosteum. 

The  higher  Vertebrate  bone  (rabbit  and  Man)  passes 
through  a stage  not  dissimilar  to  that  of  the  frog.  The 
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Haversian  canal  system  is  not  primary  but  secondary,  and  is 
formed,  as  we  have  seen,  after  birth,  by  the  absorption  and 
rearrangement  of  the  embryonic  bone. 

Every  long  bone  is  composed  of  a shaft  and  two  terminal 
portions  or  epiphyses.  All  three  ossify  from  a separate  and 
independent  centre  of  ossification,  formed  by  distinct 
periosteal  ingrowths  into  the  primary  cartilage  rod,  in  which 
the  bone  is  to  be  preformed.  The  three  centres  of  ossifica- 
tion do  not  meet,  however,  until  relatively  late  in  develop- 
ment, and  between  them  there  lies  a core  of  primary 
cartilage,  in  which  the  cartilage  corpuscles  are  continually 
dividing  and  forming  new  cartilage.  It  is  at  these  two 
points,  one  at  each  end  of  the  shaft,  between  it  and  its  two 
epiphyses,  that  growth  in  length  chiefly  takes  place.  The 
bone  substance  itself  can  increase  after  its  formation,  as  is 
shown  by  the  fact  that  the  bone  corpuscles  are  wider  apart  in 
an  adult  bone  than  in  that  of  an  infant.  But  such  increase, 
either  in  length  or  width,  is  relatively  very  little.  The 
increase  in  diameter  of  a bone  is  by  the  deposition  of  fresh 
bony  layers  by  the  osteoblasts  of  the  periosteum. 

Membrane  bone  is  formed  by  the  deposition  in  the  ground 
substance,  between  the  fibres  of  a connective  tissue,  of  a 
granmar  deposit  of  calcium  salts.  A connective  tissue 
membrane,  destined  to  become  bone,  contains  within  it  a 
large  number  of  osteoblasts  and  blood-vessels.  The  former 
deposit  the  lime  salts  around  the  connective  tissue  fibres, 
which  are  called  osteogenetic  fibres,  and  the  tubular 
bony  investments  thus  formed  are  known  as  bone  spicules. 
As  these  thicken  they  tend  to  run  together,  but  leave  here 
and  there  spaces  in  which  blood-vessels  and  bone  corpuscles 
(osteoblasts)  are  lodged. 


Adipose  Tissue 

Adipose  or  fatty  tissues  may  be  regarded  as  modified  forms 
o fibrous  tissue.  When  they  first  arise,  they  have  the 
embryonic  characters  of  any  other  connective  tissue.  Their 
special  function  is  to  store  up  food  material  as  a reserve 
which  the  animal  can  utilize  at  such  times  as  the  ordinary 
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sources  of  food  are  not  available.  But  doubtless  fat  has 
other  functions,  and  its  extremely  vascular  condition  may  not 
only  allow  the  organism  to  extract  nutritive  material  from 
the  fat,  but  not  improbably  it  allows  of  a relatively  large 
amount  of  oxygen  to  be  temporarily,  and  under  normal  con- 
ditions, continually  stored.  In  some  cases,  too,  fat  may  act 
the  part  of  a “ buffer  ” tissue  or  as  a sort  of  u packing”  or 
“filling”  tissue,  filling  up  what  would  be  otherwise  empty 
cavities  between  the  other  mesodermal  tissues.  Fat  being 
a modified  connective  tissue,  it  is,  like  the  others,  of  meso- 
dermal origin.  It  occurs  in  many  different  situations,  but 
always  in  relation  to  the  course  and  distribution  of  the 
smaller  blood-vessels.  It  is  very  vascular,  and  its  constituent 
cells  are  largely  bound  together  by,  and  held  within  the 
meshes  of,  blood  capillaries.  In  addition  the  fat  cells  are 
supported  and  built  up  into  more  or  less  lobular  masses,  by 
connective  tissue  cells  and  by  fibres  of  areolar  tissue. 

Tracing  the  development  of  a fat  cell,  we  find  at  first  it 
is  a somewhat  granular  ordinary  connective  tissue  cell.  It 
appears  to  have  the  property  of  taking  up  certain  materials 
from  the  blood  fluid  in  which  it  is  bathed,  and  depositing 
them  in  the  form  of  fatty  acid  droplets  within  its  substance. 
As  the  droplets  grow  in  size  and  increase  in  number,  they 
run  together  and  form  drops  ; these  in  their  turn  run  together 
and  form  larger  drops  ; when  these  become  very  large 
they  may  be  called  vacuoles  of  fat.  Ultimately  only  one 
large  vacuole  is  left,  and  this  is  so  large  as  to  practically 
occupy  the  whole  of  the  cell,  except  for  a thin  vesicle-like 
investment  of  cell  protoplasm  which  surrounds  it.  Within 
this  protoplasmic  sheath  is  lodged  the  nucleus  of  the  fat  cell- 

Regarded  from  the  morphological  standpoint,  the  fat  sub- 
stance may  be  regarded  as  the  homologue  of  the  matrix  of 
other  connective  tissues  or  of  that  of  the  cement  substance 
of  the  epithelial  tissues.  But  there  is  this  distinction  between 
them.  In  the  epithelial  and  connective  tissues — other  than 
fat — the  morphological  matrix  is  deposited  by  the  cells  out- 
side themselves  ; that  is,  it  lies  between  or  among  the  cells- 
We  may  therefore  speak  of  it  as  an  extra-cellular  or  inter- 
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cellular  matrix.  But  in  fat,  the  morphological  matrix  is 
deposited  within  the  cells  and  may  be  therefore  dis- 
tinguished as  intra-cellular  matrix. 

In  the  Invertebrata  fatty  bodies  are  known,  and  they  are 
morphologically  similar  to  the  fatty  tissues  of  Vertebrates. 
But  their  food-reserves  appear  to  be  more  allied  to  the 
reserves  found  in  the  liver  of  Vertebrates  than  to  the  fatty 
acids  found  in  Vertebrate  fat. 

As  more  or  less  special  features,  we  may  mention  the  fatty 
bodies  of  the  Amphibia  and  Reptilia.  In  the  frog  and  toad, 
these  fatty  bodies — the  corpora  adiposa — are  attached  to  the 
anterior  end  of  the  testes  and  ovaries.  They  represent, 
indeed,  the  degenerated  anterior  half  of  the  genital  ridges, 
out  of  which  the  gonads  arise.  In  some  lizards,  half-moon- 
shaped masses  of  fat  are  found  at  the  anterior  border  of  the 
pelvis  lying  between  the  peritoneum  or  coelomic  epithelium 
and  the  muscular  coat  of  the  body-wall,  and  other  masses 
may  be  found  lying  along  the  course  of  the  postcaval  vein. 

In  the  Amphibia  the  fatty  bodies  may  in  some  cases  serve 
as  a reserve  of  food  during  the  hibernation  of  Winter,  which 
occurs  in  Temperate  Zones.  But  not  improbably  they  may 
also  serve  as  sources  of  nutriment  for  the  developing  gonads 
of  which  they  are  morphologically  a part. 

In  the  Insecta,  fat  bodies  or  masses  are  found  in  both  the 
larva  and  the  imago. 


The  Muscular  Tissues 

The  muscular  tissues  in  the  Vertebrata  are  usually  arranged 
under  three  classes  : — & 


(1)  Plain,  Unstriped,  or  Involuntary  fibre. 

(2)  Striped  or  Voluntary  fibre. 

(3)  Cardiac  fibre. 


But  even  among  the  Vertebrata  there  occur  fibres  that  are 
not  wholly  one  or  the  other,  but  in  a sense  a combination  of 
the  plain  and  striped.  In  the  Invertebrata  quite  a large 
number  of  organisms  possess  muscle  fibres  which,  while  not 
y plain,  are  neither  entirely  striped.  The  plain  or  un- 


298 


OUTLINES  OF  BIOLOGY 


striped  fibre  is  the  more  primitive  kind,  and  the  striped  fibre 
in  its  highest  development  is  a very  highly  specialized  form 
of  tissue. 

The  unstriped  variety  is  usually  found  in  situations  where 
a slow,  rhythmical  and  continuous  action  is  required.  The 
striped  variety,  on  the  other  hand,  occurs  where  sharp, 
sudden,  and  forcible  but  more  or  less  momentary  or  sporadic 
movements  are  desirable.  The  difference  in  function  between 
the  two  types  is  well  exemplified  in  the  different  habits  of 
the  oyster  and  the  pecten.  Both  close  their  shells  by  a band 
of  muscular  tissue  which  stretches  across  from  one  shell  to 
the  other.  But  though  these  two  animals  are  closely  related, 
in  the  oyster  the  muscle  is  unstriped,  and  in  the  pecten 
striped.  While  the  oyster  is  fixed  and  sedentary,  the  pecten 
is  active  and  free-swimming,  moving  through  the  water  by 
rapid  and  forcible  alternate  opening  and  closing  of  the  shell. 

Plain  fibre  is  sometimes  called  involuntary,  because  in 
Vertebrata  it  occurs  in  organs  which  are  not  under  the 
control  of  the  will.  Such  organs  constitute  the  viscera. 
The  heart,  which  is  an  exception  to  the  statement,  contains 
a special  fibre.  Striped  fibre  is  sometimes  called  voluntary, 
because  it  occurs  in  the  skeletal  muscles,  and  these  are  under 
the  influence  of  the  will. 

Unstriped  Muscle 

Muscular  tissue  is  made  up  of  muscle  fibres  (Plate  VIII, 
Fig.  1,  m.f).  In  the  unstriped  variety  these  fibres  are  single 
cells.  They  are  bound  together  by  a kind  of  cement  sub- 
stance (in.s)  into  bundles  or  into  flat  sheets.  The  bundles  may 
branch  more  or  less.  In  some  cases  the  cement  substance 
can  be  seen  to  be  traversed  by  very  fine  transverse  fibrils 
(c.b),  which  probably  represent  protoplasmic  filaments  of 
the  muscle  cells.  If  this  be  so,  then  unstriped  muscle  tissue 
may  be  conceived  as  a protoplasmic  network,  the  whole 
working  in  anatomical  as  well  as  in  physiological  unison. 

Each  muscle  fibre  or  cell  consists  of  an  undifferentiated 
cytoplasm  (Plate  VIII,  Fig.  1)  traversed  by  a number  of  dif- 
ferentiated fibrils  (m.s).  These  probably  endow  the  cell  wit  1 
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Fig.  i.  Unstriped  muscle  fibre.  Fig  ->  Mmri»  „ „ c 
Nemertean,  Cerebratulus.  Fig.  3.  The  same  fi-nm  fr°m  beneath  integument  of  a 

verse  section  of  muscle  cell!  from  the Leech m Threadworm,  Ascaris.  Fig.  4.  Trans- 
big. 6.  The  same  from  an  insect  • stained  with  Flg;  5-  slriPed  muscle  fibre, 

muscle  fibre,  c.b,  protoplasmic  connecting  , 1ct1<2lde-  Fig-  7-  A piece  of  cardiac 
ferentiated  cytoplasm  of  muscle  cell-  d muscle  fibres  ; cy,  undif- 

in.s,  intercellular  cement  substance  in' Fig  in  rw  -°r  g.ra‘lules  : d-b.  dark  band; 
the  sarcostyles  ; int,  integument  (ectoderm  i • ; 6 'n-s  « the  sarcoplasm  between 

k.m,  Krause  s membrane  = Dobie’s  line  ■ 1 h iLiJf'Si’  lunctlon  stripe  or  intercalated  disc 
m.s,  muscle  fibrils  = myo-fibrils  = mvon’hw  r anc  : m ' f ' rauscle  cell  = muscle  fibre 
str.,  differentiated  striped  portion  ^of  cell  ^"allons  : nu,  nucleus;  sar,  sarcolemma 
differentiated  protoplasm.  11  Pr°toplasm  ; un,  nucleus  in  bleb  of  un 
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its  contractile  properties.  They  may  be  called  the  muscle 
fibrils,  myo-fibrils,  or  myophanic  striations.  Lying  in  the 
middle  of  the  fibre  is  the  nucleus  (nu),  which  is  always 
single  and  generally  elongate  in  form.  The  muscle  fibre  of 
the  unstriped  variety  of  muscle  possesses  no  investing  sheath 
or  sarcolemma. 

In  some  Invertebrata  interesting  forms  of  muscle  fibres  are 
seen.  In  the  Nemertean,  known  as  Cerebratulus  (Plate  VIII, 
Fig.  2),  the  muscle  cells  of  the  body-wall  consist  for  the  most 
part  of  a granular,  undifferentiated  protoplasm  (cy),  in  which 
the  nucleus  (nu)  is  lodged.  At  the  outer  end  of  the  cell,  where 
it  is  attached  to  the  ectoderm,  the  cell  contains  a few  deeply 
( staining  but  relatively  thick  muscle  fibrils  (str).  These  pro- 
bably represent  the  chief,  if  not  the  sole,  contractile  substance 
of  the  cell.  In  the  threadworm,  Ascaris  (Plate  VIII,  Fig.  3), 
we  have  a similar  type  of  cell,  but  the  striped  portion  (str)  is 
greater  in  extent  and  forms  a sort  of  cylindrical  stalk  to  the 
cell.  In  the  Leech  (Fig.  4)  the  fibre  is  long  and  spindle- 
shaped,  the  core  being  composed  of  the  undifferentiated 
protoplasm  (cy),  while  the  periphery,  or  outer  zone  of  the 
cell,  is  composed  of  the  striped  portion  (str).  In  Plate  VIII, 
Fig.  4,  three  such  fibres  are  shown  cut  transversely  across. 

Striped  Muscle 

Striped  muscle  fibre  really  represents  a syncytium  of  cells. 
That  is,  it  is  a fusion  of  the  protoplasm  of  a number  of  cells, 
the  nuclei  remaining  free.  The  fibres  are  long  and  cylin- 
drical in  form.  They  are  often  an  inch  or  more  in  length 
atld  r^oth  of  an  inch  in  diameter.  Striped  muscle  fibre 
differs  from  the  unstriped  kind  in  the  presence  of  an  ex- 
ceedingly thin  elastic  film  called  the  sarcolemma  (Plate  VIII, 
Fig.  6,  sar).  It  is  difficult  of  demonstration  owing  to  its 
tenuity,  but  it  may  be  sometimes  seen  at  the  broken  ends  of 
fibres,  or  where  the  muscle  substance  has  been  ruptured. 

It  cannot  be  said  that  our  knowledge  of  the  structure  of 
striped  muscle  is  yet  completed.  Many  things  which  can  be 
seen  are  difficult  of  explanation,  and  the  interpretation  of 
them  is  therefore  very  doubtful. 
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But  any  striped  muscle  fibre  will  show  clearly  enough 
under  ordinary  conditions  that  the  muscle  substance  enclosed 
within  the  sarcolemma  is  differentiated  into  alternate  trans- 
versely arranged  light  and  dark  bands  (Figs.  5 and  6,  l.b 
and  d.b).  This  differentiation  is  probably  both  chemical 
and  physical  in  origin,  and  the  optical  appearances  are  but 
the  manifestation  of  the  physical  differences  of  the  two  kinds 
of  bands.  The  two  bands  stain  differently,  indicating  a 
difference  in  chemical  constitution  ; the  clear  or  light  band 
does  not  readily  stain,  while  the  dark  band  stains  deeply. 
The  difference  in  the  staining  properties  of  the  two  bands  is 
well  seen  in  insect  muscle  which  has  been  stained  by  gold 
chloride.  The  physical  difference  of  the  two  bands  is 
demonstrated  by  their  behaviour  in  polarized  light  between 
two  crossed  Nmol's  prisms.  Under  these  conditions  the 
light  band  shows  dark  like  the  dark  optical  field,  while  the 
dark  band  shows  light.  This  optical  difference  is  expressed 
by  saying  that  the  light  band  is  isotropic  and  the  dark  band 
is  anisotropic. 

The  muscle  substance  of  striped  fibre  is  therefore,  in  a 
sense,  divided  into  alternating  discs  which  are  chemically 
and  physically  different.  The  chemical  difference  is  shown 
by  differences  in  staining  and  the  physical  by  the  different 
optical  behaviour  of  the  two  bands  in  the  darkened  optical 
field  of  crossed  Nicol’s  prisms. 

Some  other  features  in  the  structure  of  a striped  muscle 
fibre  are  better  seen  in  the  muscles  of  arthropods,  such  as 
lobsters  and  insects.  In  them  the  light  band  can  be  seen  to 
be  traversed  by  a transverse,  exceedingly  fine  line  called 
Dobie’s  line,  or  Krause’s  membrane  (Figs.  5 and  6,  k.m). 
Whether  it  is  a real  membrane  or  merely  an  optical  appear- 
ance produced  by  the  interference  of  light  still  remains  a 
disputed  point.  On  either  side  of  Krause’s  membrane  there 
is  a row  of  dots  or  granules  (d).  These  are  connected  with 
a number  of  longitudinal  striations  (in.s)  and  appear  to  be 
located  along  their  length.  At  certain  phases  of  contraction 
there  can  be  seen  passing  across  the  middle  of  the  dark  ban 
a light  line,  known  as  Hensen’s  line.  It  is  probably  indica- 
tive of  the  last  phase  of  contraction  of  the  fibre. 
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The  numerous  nuclei  (nu)  of  the  muscle  fibre  in  the 
Mammal  lie  beneath  the  sarcolemma,  invested  by  a thin  film 
of  undifferentiated  protoplasm.  In  the  frog  they  lie  em- 
bedded in  the  muscle  substance.  In  the  insect  fibre  they  lie 
along  the  central  core,  which  is  traversed  by  a string  of 
undifferentiated  protoplasm. 

When  muscle  fibre  is  treated  with  certain  reagents  or  is 
thoroughly  teased  along  its  length  it  can  be  split  up  into 
fibrils.  Each  of  these  is  then  seen  to  correspond  to  one  of 
the  strings  or  columns  of  muscle  substance  which  lie  between 
the  longitudinal  striae.  Each  fibril  is  called  a sarcostyle, 
and  observations  made  upon  transverse  sections  of  a fibre 
when  compared  with  a longitudinal  view  lead  us  to  believe 
that  a muscle  fibre  is  really  made  up  of  a number  of  sarco- 
styles  embedded  in  an  undifferentiated  protoplasm  which  is 
called  the  sarcoplasm.  Since  the  sarcostyles  are  set  closely 
together  it  follows  that  the  sarcoplasm  between  them  must 
be  exceedingly  thin.  It  is  thus  clear  that,  seen  in  longitu- 
dinal view,  the  sarcoplasm  will  be  seen  as  the  series  of 
longitudinal  striae  (in.s).  The  two  rows  of  dots  seen  in  the 
light  band  are  interpreted  as  being  nodal  enlargements  of 
the  sarcoplasm.  The  muscle  fibre  itself  is  formed  by  enclos- 
ing the  sarcoplasm  and  sarcostyles  in  a common  sheath  with 
the  sarcolemma. 

In  the  muscle  fibres  of  some  animals  the  sarcoplasm  is  very 
abundant,  and  here  and  there  within  the  fibre  is  widened  out 
into  thick  strings  in  which  the  nuclei  lie.  It  is  not  improb- 
able that  the  sarcoplasm  carries  on  the  general  nutritive 
functions  of  the  fibre,  and  is  the  seat  of  the  metabolic  pro- 
cesses  involving  assimilation,  respiration,  and  excretion. 

his  leaves  the  protoplasm  of  the  sarcostyles  freer  for  the 
performance  of  those  particular  chemical  changes  upon 
which  the  specialized  function  of  contractility  appears  to 

epen  . We  find,  as  we  shall  see  later,  that  a very  similar 
condition  appears  to  exist  in  nerve  cells.  In  them  there  is 
an  undifferentiated  cell-protoplasm— the  cytoplasm— pos- 

sibly  carrying  on  the  general  functions  of  nutrition,  and, 
in  addition,  there  are  specialized  tracts  or  fibrils  which  are 
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probably  chiefly  concerned  in  the  transmission  of  nerve 
impulses. 

Cardiac  Fibre 

In  some  respects  cardiac  muscle  fibre  (Plate  VII,  Figs,  i 
and  2,  and  Plate  VIII,  Fig.  7)  is  intermediate  in  its  structural 
features  between  the  unstriped  and  the  striped  varieties.  It 
resembles  unstriped  fibre  in  the  absence  of  a sarcolemma  and 
in  the  possible  distinctness  or  independence  of  the  fibres  from 
each  other.  But  it  resembles  striped  fibre  in  the  presence  of 
alternate  dark  and  light  bands.  It  differs  from  both  in  that 
the  transverse  markings  (light  and  dark  bands)  are  not  so 
distinct  as  in  striped  fibre,  and  in  that  the  cardiac  fibres  branch 
and  anastomose  with  adjacent  fibres.  Moreover,  the  nuclei 
do  not  lie  immediately  underneath  the  sarcolemma,  but  in 
the  muscle  substance,  with  a tendency  to  shift  towards  the 
central  core  of  the  fibre. 

This  account  of  cardiac  muscle  fibre  will  probably  require 
some  modification  in  the  future.  There  are  observations 
which  seem  to  indicate  (Plate  VII,  Fig.  2,  fib)  that  the  indepen- 
dence of  the  individual  heart  fibres,  in  the  sense  that  each  is 
a single  cell  sharply  demarcated  from  its  fellows  and  joined  by 
cement  substance,  is  a wrong  conception  of  the  nature  of  the 
case.  There  are  several  facts  which  give  support  to  this 
doubt,  but  there  are  also  others  which  weigh  against  it.  It 
can  be  shown,  for  instance,  by  appropriate  methods  and  suffi- 
ciently high  powers,  that  the  fibrils  (fi)  of  the  fibres  (f)  are  con- 
tinuous (fib)  from  one  cell  to  another  (Plate  VII,  Figs.  1 and  2). 
But  at  the  line  of  junction  (J.S)  of  the  fibrils  of  one  cell  with 
those  of  the  adjacent  cells,  the  fibrils  are  modified  and  appear 
to  be  composed  of  a denser  and  chemically  different  sub- 
stance (J.S).  This  denser  portion  of  the  fibril,  occurring 
only  at  the  junction  of  the  muscle  cells,  forms,  in  the  aggre- 
gate of  fibrils,  a sort  of  disc,  which  may  be  called  the  “ inter- 
calated discs”  (J.S).  It  is  possible  that  these  discs  are  not 
contractile.  The  muscle  fibrils  are  in  some  cases,  at  least, 
seen  to  be  continuous  from  cell  to  cell  by  very  fine  connecting 
fibrils  (fib). 
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With  regard  to  the  sarcolemma,  there  exists  a very  fine 
connective  tissue  investment  with  narrow  flat  nuclei,  which 
may  possibly  represent  a form  of  sarcolemma.  If  this  is  so, 
then  the  statement  that  cardiac  fibre  has  no  sarcolemma  will 
require  some  qualification. 

The  Nervous  Tissues 

Every  organism  must  be  capable  of  adapting  itself  to  each 
change  in  its  environment,  or  ultimately  perish.  At  every 
moment  of  its  life  various  external  stimuli  are  incident  upon 
it,  calling  forth  adequate  and  appropriate  responses.  These 
stimuli  may  be  chemical,  physical,  or  mechanical  in  nature. 
Were  the  organism  incapable  of  feeling  these  stimuli  it  could 
not  respond  to  them,  and  would  therefore  be  incapable  of 
adapting  itself  to  ever-changing  conditions.  Such  passivity 
with  regard  to  the  environment  would  result  sooner  or  later 
in  eventual  destruction. 

The  organs  of  sensation  by  which  external  stimuli  are  felt 
or  appreciated  and  those  which  transmit,  receive,  and  generate 
stimuli,  belong  to  the  nervous  tissues.  The  organs  which 
receive  the  external  impulses  are  the  various  sensory  nerve 
endings,  such  as  the  tactile  bodies  in  the  skin,  the  specialized 
cells  in  the  taste  organs  of  the  tongue,  and  those  in  the  olfac- 
tory and  auditory  epithelium  and  the  rods  and  cones  of  the 
retina.  Stimuli  received  by  them  are  conveyed  along  nerves 
to  nerve  cells  with  which  these  are  individually  connected. 
Within  the  nerve  cell  some  change  apparently  occurs,  and 
another  stimulus,  or  the  same  stimulus  in  a modified  condition, 
is  passed  along  another  nerve  fibre  to  the  motor  end  organ.’ 
This  is  lodged  about  the  middle  of  a muscle  fibre.  When  it 
receives  the  stimulus  from  the  nerve  cell  it  in  some  way 
generates  a muscular  contraction  in  the  muscle  fibre. 

We  thus  have  as  an  anatomical  entity  or  unit  a nerve  cell 
(Text-fig.  64,  1),  receiving  on  the  one  side  a nerve  process 
carrying  stimuli  to  the  nerve  cell,  and  on  the  other  giving  off 
a nerve  process  along  which  stimuli  pass  away  from  the  nerve 
cell.  The  ingoing  or  afferent  nerve  fibre  commences  in  a 
sensory  nerve-ending  of  some  sort  (P),  and  the  outgoing  or 
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efferent  nerve  fibre  ends  in  the  motor  end  plate.  The  whole 
constitutes  a physiologically  and  anatomically  complete  nerve 
apparatus  for  the  reception,  perception,  modification,  and 
discharge  of  stimuli.  It  is  a unit  piece  of  mechanism,  and  has: 
been  called  a “ neurone.” 

The  “neurone-theory”  postulates  that  the  nervous  system 
is  an  aggregate  of  a large  number  of  neurones,  each  of  which ! 
is  anatomically  independent  of  the  others.  The  simplest 
neurone  path  which  we  can  conceive  is  that  described  above, 


Fig.  64. — The  neurone  theory  of  the  sensory  and  motor  reflex  nervous 
mechanism  diagrammatically  represented.  1.  The  simplest  form  of 
mechanism,  consisting  of  one  neurone.  2.  A more  complex  form,  consisting 
of  one  “sensory”  neurone  and  one  “motor.”  3.  A more  complex  system 
still  in  which  the  “sensory”  and  “motor”  neurones  are  connected  by  a 
third  or  “communicating”  neurone,  ax  = Axon  (neuraxon).  d.  Dendrons. 
m.f.  Muscle  fibre  in  which  the  motor  end-plates  are  lodged.  C.  Nerve  cell  of 
“communicating”  neurone.  M.  Nerve  cell  of  “motor”  neurone.  P.  The 
sensory  or  perceptory  nerve  ending  in  some  sensory  epithelium.  S.  The  nerve 
cell  of  “sensory”  neuron. 

where  only  one  neurone  takes  part  in  the  cycle  of  nerve 
action. 

A more  complex  neurone  cycle  is  where  two  neurones  are 
concerned  (Text-fig.  64,  2),  one  being  connected  with  the 
sensory  (S)  and  the  other  with  the  motor  phase  (M)  of  the 
nerve  path. 

A yet  more  complex  condition  is  where  three  neurones  are 
present  (Text-fig.  64,  3).  One  of  these  is  the  sensory  or  per- 
ceptory neurone  (S),  the  second  is  a sort  of  bridge  (C)  serv- 
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ing  as  a communication  with  the  first  and  third  or  motor 
neurone  (M).  It  is  possible  the  communicating  neurone 
between  the  sensory  and  motor  neurones  may  in  some  way 
modify,  weaken,  hasten,  retard,  or  even  inhibit,  the  impulses 
passing  along  the  nerve  path. 

The  anatomical  independence  of  the  neurones  depends 
upon  the  apparent  fact  that  the  various  nerve  processes  (d)  of 
one  neuron  are  not  continuous  with  those  of  another.  There 
are  minute  intervals  between  them.  Physiologically,  of  course, 
impulses  travelling  from  one  neurone  to  the  other  must  be 
able  to  traverse  these  intervals,  or  otherwise  the  whole  neurone 
arrangement  is  meaningless.  But  there  is  reason  to  believe 
that  this  anatomical  independence  is  not  as  complete  as  was 
first  thought,  for  in  some  worms  a direct  anatomical  or  organic 
connexion  between  the  fibrils  of  different  neurones  can,  by 
appropriate  methods,  be  demonstrated. 

The  nature  of  the  nerve  impulse  which  passes  through  the 
neurone  or  series  of  neurones,  from  the  sensory  end  organ  to 
the  motor  end  organ,  is  not  yet  clearly  understood.  Its  time 
b reaction  seems  to  show  that  it  is  not  wholly  or  specifically 
electrical ; it  may  be  in  the  nature  of  chemical  changes  moving 
along  the  nerve  path,  producing  new  reactions  at  definite 
points,  but  this  we  cannot  at  present  definitely  assert.  In  the 
nerve  cell  itself  the  nerve  stimulus  may  possibly  pass  through 
or  be  regenerated  in  the  cytoplasm  of  the  cell.  But  in  some 
; nei  ve  cells  (Plate  IX,  Figs.  1 and  2)  special  methods  of  prepara- 
tion have  shown  that  definite  fibrillar  anastomosing  paths  (r) 
exist  within  the  cytoplasm,  and  it  is  highly  probable  that  it 
is  along  these  specialized  paths  that  the  nerve  impulses  travel. 
It  is  not  improbable  too  that  some  of  these  cell  fibrils  are 
-fferent  paths  and  others  are  afferent. 


Classification  of  Nerve  Cells 

Nerve  cells  may  be  morphologically  classified  according  to 
iieir  form.  Like  their  size,  form  is  manifested  throughout  a 
vide  range.  In  form,  nerve  cells  may  be  spherical,  spindle- 
■ iaped  (Text-fig.  65,  1),  pear-shaped  (2  and  3),  irregularly  star- 
■haped  or  stellate  (4).  Their  form  largely  depends  upon  the 
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number  of  nerve  processes  arising  from  them,  and  the  mor- 
phological description  of  the  different  types  of  nerve  cells 
turns  chiefly  upon  the  relation  of  the  cell  to  its  processes.  If 
but  one  fibre  or  process  arises  from  the  cell  (Text-fig.  65,  2)  it 
is  called  a unipolar  cell.  Such  cells,  as  a rule,  are  round. 
They  form  the  majority  of  nerve  cells,  and  are  chiefly  found  in 
the  ganglia  of  the  spinal  nerves.  The  process  usually  divides, 
into  two  branches  not  far  from  the  cell-body,  one  branch 
travelling  inwards  to  the  central  nervous  system  (spinal  cord) 
and  the  other  outwards  towards  the  peripheral  sensory  end 
organ.  Unipolar  cells  are  also  found  in  some  of  the  ganglia 
on  the  root  of  cranial  nerves.  Such  nerve  cells  are  usually 
adendric,  that  is,  without  dendrons  (infra,  p.  309). 


Fig.  65. — Type  of  nerve  cells.  1.  Bipolar.  2.  Unipolar.  3.  Another  form 
of  bipolar  cell.  4 and  5.  Multipolar,  ax.c.  Axis  cylinder,  dn.  Dendrons. 
ne.  Neuraxons.  n.c.  Nerve  cell. 

Bipolar  cells,  (Text-fig.  65,  1)  have  a fibre  coming  off  from 
each  end  of  the  cell.  Such  cells  are  usually  spindle-shaped 
in  form.  They  occur  in  much  the  same  situations  as  the 
unipolar  cells.  And,  indeed,  in  their  early  stages  of  develop- 
ment, most  unipolar  cells  show  the  bipolar  condition  ; their 
unipolar  condition  is  an  acquirement  of  later  embryologies 
development.  A few  bipolar  cells  are  pear-shaped  (3),  an 
the  two  fibres  come  off  from  the  same  end  of  the  cell ; these- 
at  first  twist  round  each  other.  They  are  found  in  the 
ganglia  of  the  dorsal  roots  of  the  spinal  nerves  of  the  frog- 
3 The  next  type  is  the  multipolar  cell.  The  form  of  this 
may  be  triangular  (5),  irregularly  star-shaped,  or  stellate  (4J- 
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Three  or  more  processes  arise  from  such  a cell.  The  pro- 
cesses are  not  all  of  the  same  nature  (infra,  p.  3°9)'  This  type 
of  cell  is  found  in  the  grey  matter  of  both  brain  and  spinal 

cord. 

With  regard  to  size,  some  of  the  nerve  cells  are  among  the 
largest  in  the  body,  while  others  are  very  small. 

Generally  speaking,  in  the  Vertebrata,  nerve  cells  occur 
only  in  the  grey  matter  of  the  brain  and  spinal  cord,  and  in 
ganglia  situated  along  the  course  of  nerve  trunks.  In  the 
Invertebrata  they  are  confined  to  the  nerve  ganglia,  and  are 
not  found  in  the  nerve  trunks.  In  the  earthworm,  ganglia  do 
not  occur,  except  the  single  pair  on  the  roof  of  the  buccal 
sac,  and  in  this  case  the  nerve  cells  are  found  uniformly 
distributed  along  the  two  nerve  chains,  but  not  in  the  nerves. 
In  lower  Invertebrata,  such  as  Hydra , nerve  trunks  or  chains 
are  not  developed.  The  nervous  system  in  them  is  diffuse, 
and  the  nerve  cells  lie  just  beneath  the  ectoderm,  more  or 
less  uniformly  distributed. 

The  Structure  of  the  Nerve  Cell 

A nerve  cell,  with  its  processes,  is  among  the  most  highly 
specialized  cells  in  the  body,  and  highly  specialized  functions 
belong  to  it.  But  it  is  still  a living  cell,  and  must  in  some 
measure  also  perform  those  general  functions  of  nutrition 
which  pertain  to  all  cells.  There  is  some  reason  to  believe 
that  these  general  functions  are  relegated  to  the  undifferen- 
, dated  cytoplasm  or  neuroplasm  of  the  cell  (Plate  IX,  Figs.  1, 2, 
3 and  4),  while  the  specialized  nervous  functions  are  more 
particularly  related  to  specialized  tracts  within  the  cell  and 
cell  processes  (dn,  ne,  r).  The  cytoplasm  of  many  cells  (mul- 
tipolar cells  of  grey  matter  of  spinal  cord)  is  traversed  by  a 
number  of  very  fine  fibrillae,  which  pass  out  into  the  various 
processes.  In  other  nerve  cells  these  fibrillae  form  a definite 
network  or  anastomosis  (Plate  IX,  Figs.  1 and  2),  the  nerve 
impulses  probably  passing  in  along  one  set  and  out  along 
I another. 

The  nucleus  (nu)  of  a nerve  cell  is  characteristic.  It  is 
large  and  rounded.  The  nuclear  membrane  is  relatively 
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thick.  As  a rule  there  is  a distinct  linin  thread,  forming  a 
network,  and  containing  numerous  chromatin  grains.1  This 
network,  however,  is  not  always  present,  and  then  the  chro- 
matin is  variously  arranged.  It  may  be  diffused  through  the 
nuclear  sap  as  a very  fine  dust,  or  it  may  occur  in  groups  or 
threads  of  larger  granules,  or  in  large  masses.  In  some 
diseased,  as  in  some  normal  cells,  the  chromatin  may  mani- 
fest various  changes. 

The  nucleolus  (nl)  is  usually  large  and  definitely  round.  It 
is  very  conspicuous,  and  sometimes  more  or  less  vacuolated. 

As  a rule  nerve  cells  contain  only  a single  nucleus  ; but 
there  may  be  two  or  three  nuclei  in  some  cells,  as  in  the 
sympathetic  ganglia  of  some  rodents,  and  sometimes  in  the 
cells  of  the  grey  matter  of  the  spinal  cord  of  some  fishes. 

Besides  the  fibrils  and  neuroplasm,  the  cytoplasm  contains 
a number  of  very  deeply  staining,  large,  angular  grains 
(Plate  IX,  Figs.  3 and  4,  n.g).  They  appear  to  be  chemically 
composed  of  nucleo-protein,  and  contain  organically  com- 
bined iron.  The  stain  which  reveals  their  presence  best  is 
methylene  blue.  These  grains  are  called  by  English  writers 
Nissl’s  granules,  and  by  American,  chromophyllic  masses 
or  tigroid  bodies.  They  are  apparently  not  homogeneous 
in  nature,  but  each  Nissl  granule  appears  to  be  composed 
of  a number  of  aggregated  granules.  The  ultimate  granules 
have  been  called  by  some  the  neurochondria. 

The  Nissl  granules  play  an  important  part  in  the  economy 
of  nerve  cells.  This  is  shown  by  the  reduction  in  size,  dis- 
integration, and  change  in  distribution,  which  they  undergo 
when  the  nerve  cells  are  over-fatigued  or  are  subjected  to  the 
influences  of  various  poisons,  or  to  the  toxins  of  disease. 
They  possibly  serve  as  food  masses  for  the  trophic  processes 
of  the  nerve  cell. 

Some  nerve  cells  appear  to  be  without  Nissl’s  granules. 
It  is  possible,  however,  that  they  may  be  present  in  some 
form  not  yet  revealed  by  the  present  methods  of  staining 
applied  to  the  cells.  Nissl  granules,  when  present  in  t e 
nerve  cell,  are  also  found  in  some  of  its  processes  and  are 

' For  meaning  of  these  terms  see  chapter  on  Karyokinesis. 
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ibsent  in  others  ; they  occur  in  the  dendrons  (dn),  but  are 
ibsent  in  the  axon  or  axis  cylinder  (ne).  They  apparently 
ire  so  situated  in  the  cell  and  its  processes  as  never  to  inter- 
ere  with  the  continuity  of  the  nerve  fibrils  or  nerve  paths. 

In  some  nerve  cells  pigment  is  normally  present,  but  its 
unction  is  unknown.  It  tends  to  increase  with  age  and  in 
he  course  of  some  diseases. 

There  are  some  nerve  cells  which  are  closely  invested  with 
1 very  delicate  membranous  reticulum,  and  which  is  some- 
imes  called  the  reticulum  of  Golgi.  It  is  possible  that,  as 
>ur  methods  of  preparation  become  more  refined,  this  invest- 
ng  sheath  may  be  demonstrated  in  most  nerve  cells.  The 
lerve  cells  of  the  ganglia,  on  the  dorsal  root  of  the  spinal 
nerves,  are  ensheathed  in  a cellular  and  nucleated  sheath. 
This  sheath  becomes  continuous  with  that  of  the  nerve  of 
hach  cell. 


We  may  distinguish  between  two  kinds  of  processes  aris- 
ng  from  the  body  of  nerve  cells.  There  are  the  dendrons 
:ln),  which  may  be  numerous,  and  the  neuraxon,  axon,  or 
,xis  cylinder  (ne),  which  is  usually  single.  The  dendrons 
re  as  a rule  extensively  branched  (Plate  IX,  Figs.  3 and  4), 
nd  their  ramifications  remain  within  the  domain  of  the 
entral  nervous  system,  i.e.,  spinal  cord  and  brain.  They 
lay  transmit  either  afferent  (inward)  or  efferent  (outward) 
npulses.  The  neuraxon  is,  generally  speaking,  unbranched, 
nd  it  leaves  the  central  nervous  system  to  become  the  axis 
yhnder  of  a medullated  nerve,  or,  in  the  case  of  a non- 
ledullated  nerve,  it  becomes  the  nerve  itself.  It,  too,  may 
•ansmit  either  efferent  impulses  (as  in  motor  cells)  or  afferent 
ts  in  sensory  cells).  Though  we  may  regard  it  as  relatively 
branched  yet  this  is  not  literally  the  case  ; for,  at  certain 

. " (Text'fi&  65.  4 and  5),  very  fine  filaments,  called  col- 
eia  s,  arise  from  it  almost  always  at  a right  angle  The 
suraxon  arises  from  the  body  of  the  cell,  in  most  instances, 
a special  point,  called  the  cone  of  origin  or  the  implanta- 
on  cone  (Plate  IX,  Figs.  3 and  4,  im.c).  This  cone  is  charac- 

zed  by  a libnllated  appearance  and  by  the  absence  of 
!ssl  granules.  ■ 
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Some  of  the  nerve  cells  of  the  brain  may  be  divided  into 
two  types,  according  to  the  nature  of  the  neuraxon.  There 
is  the  type  I of  Golgi,  in  which  the  process  (ne)  possesses 
only  a few  collaterals  and  passes  out  beyond  the  area  of  the 
central  nervous  system  (Text-fig.  65,  5).  Type  II  of  Golgi 
is  characterized  by  a much-branched  neuraxon  (ne),  the 
branches  of  which  do  not  leave  the  brain  (Text-fig.  65,  4). ) 

Nerve  cells  are  in  physiological  connection  with  each  other 
by  their  dendrons.  The  ramifications  of  these  do  not  ap- 
parently fuse,  but  are  merely  very  closely  approximated.  The 
nerve  impulse  must  “jump  the  gap”  between  them.  This 
condition  is  spoken  of  as  a synapse,  But  in  some  cases  the 
dendrons  of  one  cell,  instead  of  forming  a synapse  with  an 
adjacent  one,  become  intimately  incorporated  with  the  external . 
layer  of  the  cell  body.  This  condition  is  designated  the  “Con- 
crescence of  Held.”  In  other  cases,  the  dendrons  invest  a 
nerve  cell  but  do  not  appear  to  become  anatomically  continuous : 
with  it. 

The  Structure  of  Nerves 

Nerves  are  usually  classed  as  the  medullated  and  the  non- 
medullated.  In  the  latter  the  axis  cylinder  or  neuraxon 
of  the  cell  remains  naked  or  unenclosed  in  a sheath.  We 
find  such  nerves  in  the  sympathetic  system. 

The  cranial  and  spinal  nerves  are  for  the  most  part  medul- 
lated nerves.  Each  nerve  fibre  or  axis  cylinder  (Plate  IX, 
Fig.  5,  ne)  is  enclosed  in  two  sheaths.  The  inner  (m.s)  is 
fatty  in  composition  and  is  broken  up  into  regular  segments. 
Each  segment  contains  a nucleus  (nu).  This  sheath  is  called 
the  medullary  sheath.  Under  the  influence  of  various  re- 
agents it  shows  varying  appearances.  It  is  possible  that 
these  differing  appearances  are  not  expressions  of  real 
things,  but  are  artifacts  due  to  the  reagents. 

Externally,  the  fatty  sheath  is  invested  by  a somewhat 
tough,  structureless  thin  investment  called  the  primitive 
sheath  of  Schwann  (p.s).  At  the  points  where  the  medul- 
lary sheath  is  interrupted,  the  primitive  sheath  is  constricted. 
These  constrictions,  or  interruptions,  which  occur  at  regular 
intervals,  are  the  nodes  of  Ranyier  (n.r). 


CHAPTER  XXVII 


KARYOKINESIS  OR  MITOSIS  (CELL  DIVISION) 

ALL  cell  divisions  are  accompanied  or  preceded  by  the 
division  of  the  nucleus  ; and  while  the  cell  protoplasm 
may,  in  some  cases,  lag  behind  the  nucleus  in  its  division,  it 
never  precedes  it.  When  cells  multiply  by  division,  they  do 
so  in  one  of  two  ways.  Either  the  nucleus  simply  fragments 
into  two,  the  parts  retreating  from  each  other  to  either  pole 
I of  the  cell,  or  complicated  changes  ensue  within  the  nucleus 
: as  a preliminary  step  to  the  actual  division.  The  first  type  of 
nuclear  division  occurs  in  the  meganucleus  of  Paramoecium , 
in  nutritive  gland  cells,  and  frequently  in  degenerating  tissues. 
It  is,  however,  not  of  widespread  occurrence  in  the  higher 
animals,  though  among  lower  forms  it  may  regularly  appear 
in  some  part  or  another  of  the  life-history.  This  direct 
method  of  nuclear  division  may  be  termed  Amitosis.  The 
indirect  method  is  called  Karyokinesis  or  Mitosis.  It  is 
of  nearly  universal  occurrence,  and  the  nature  of  its  changes 
■ implies  a significance  of  wide  biological  import.  Within  the 
[ phenomena  of  mitosis  centres  the  explanation  of  the  most 
>:  fundamental  processes  of  living  organisms.  Here,  in  large 
I measure,  we  seek  for  further  insight  into  the  problems  of 
variation  and  of  inheritance,  and  every  question  pertaining 
[.to  these  phenomena  carries  us  at  once  into  the  deeper 
ispects  of  organic  evolution.  The  student  will  therefore 
ipproach  the  study  of  mitosis  with  a keener  interest  than 
pertains  to  any  other  branch  of  Biology.  For  in  the  pro- 
cesses of  karyokinesis  lie  answers,  not  of  limited  application, 
but  of  the  widest,  extending  from  Awcvba  at  one  end  of  the 
living  scale  to  Man  at  the  other. 

To  pioperly  appreciate  the  sequence  and  physiological 
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importance  of  the  events  in  a mitotic  nuclear  division,  it  is 
necessary  to  consider  the  detailed  structure  of  the  so-called 
“ resting  ” nucleus.  Externally  it  is  limited  by  a thin,  struc- 
tureless nuclear  membrane  (Plate  X,  Fig.  i,n.m).  The  origin 
of  this  is  at  present  somewhat  obscure.  There  are  reasons 
justifying  us  in  believing  that  it  is  of  cell  origin,  and  is 
formed  as  a sort  of  precipitation  membrane  from  the  cyto- 
plasm. In  some  of  the  sporozoic  protozoa  ( Coccidia ),  how- 
ever, it  is  possible  that  in  part  at  least  it  is  of  nuclear  origin, 
and  is  partly  formed  by  contributions  of  chromatin  from  the 
nucleus.  Occupying  the  cavity  of  the  nucleus  and  enclosed 
by  the  nuclear  membrane  is  a gelatinous  substance  called 
paralinin  or  nuclear  sap  1 (nu.s.).  Embedded  within  this  is 
a meshwork  of  denser  substance,  the  linin  reticulum  (Figs, 
i and  2,  l.r).  Included  within  the  linin  network  are  numerous 
minute  granules  of  a substance  which  stains  more  deeply 
than  any  other  within  the  nucleus,  and  hence  is  spoken  of 
as  chromatin  (Fig.  i,  chr).  It  is  highly  complex  chemically, 
containing  nitrogen  and  phosphorus.  Upon  analysis  it  can 
be  made  to  yield  proteins  and  nucleic  acid.  There  is  evi- 
dence, largely  derived  from  its  behaviour  towards  staining 
reagents,  that  chromatin  undergoes  chemical  changes  during 
the  course  of  karyokinesis.  This,  however,  is  not  at  all 
certain,  and  the  various  appearances  which  it  presents  may 
be  explained  by  the  increasing  amount  of  concentration 
which  occurs  among  its  granules  in  certain  stages  of  mitosis. 
In  addition  to  the  chromatin  granules,  which  are  confined 
to  the  linin  network,  there  are  present  one,  two,  or  more 
much  larger  grains,  called  the  plasmosomes  or  nucleoli 
(nuc).  Generally  speaking,  especially  for  the  higher  forms 
of  animals  and  plants,  the  nucleoli  are  devoid  of  nuclein, 
and  thus  chemically  differ  from  the  chromatin.  It  is  probable, 
however,  that  more  than  one  kind  of  nucleolus  exists,  for  in 
the  lower  forms  of  life,  in  addition  to  the  nucleoli  which  are 
devoid  of  nuclein,  others  composed  of  a substance  allied  to 
it  certainly  exist  also.  Nucleoli  stain  less  intensely  than  the 
chromatin  grains.  Their  behaviour  during  nuclear  division 
* Another  term  is  karyolymph. 
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is  very  significant  and  pretty  uniform.  Upon  the  onset  of 
mitosis  their  substance  becomes  vacuolated,  and  eventually 
breaking  up  into  fragments  (Figs.  2,  3 and  4),  disappears  alto- 
gether as  mitosis  advances.  It  is  probable,  therefore,  that 
they  serve  as  reservoirs  of  nutritive  substances  from  which 
the  material  and  energy  necessary  for  karyokinesis  are 
derived.  Other  bodies,  the  karyosomes,  approaching  the 
nucleoli  in  point  of  size,  are  sometimes  present  within  the 
nucleus.  These  bodies,  however,  are  concentrated  masses 
of  chromatin  grains,  and  in  the  life-history  of  some  forms 
of  parasitic  protozoa  play  a conspicuous  and  constant 
part. 

Closely  related  to  the  nucleus,  though  lying  outside  it,  are 
the  centrosomes  (cent).  They  appear  to  be  absent  from  the 
cells  of  some  plants  and  some  animals.  When  present,  each 
resting  nucleus  may  have  one  or  a pair  of  centrosomes.  They 
lie  in  a globular  body,  called  the  attraction-sphere  or  astro- 
sphere  (ast).  From  the  astrosphere,  especially  after  mitosis 
has  begun,  a number  of  fine  lines  radiate  into  the  cell  proto- 
plasm, producing  the  astral-figure  (ast.fig  and  ast). 

The  whole  of  the  contents  of  the  nuclear  membrane 
are  sometimes  collectively  called  the  karyoplasm,1  in  dis- 
tinction to  the  term  cytoplasm,  which  is  applied  to  all 
the  cell  material  outside  the  nucleus. 

In  the  resting  nucleus  (Fig.  1,  chr)  the  chromatin 
granules  are  dispersed  throughout  the  linin  reticulum. 
One  of  the  earliest  indications  of  commencing  karyokinesis 
is  the  loss  of  this  scattered  condition  and  the  arrange- 
ment of  the  granules  in  a linear  series  along  the  fibrils 
of  the  linin  substance  (Fig.  2).  The  linin  meshwork,  in 
stained  preparations,  now  presents  the  appearance  of  a 
very  definite  and  deeply  stained  tangled  or  coiled  thread,  on 
account  of  the  regular  arrangement  of  the  deeply  staining 
chromatin  within  it.  The  meshwork  begins  to  contract  and  a 
coiled  thread,  sometimes  called  the  spireme-thread,  is  formed 
(Fig-  3).  Within  this  the  chromatin  grains  are  arranged 
in  a single  row.  The  loops  of  this  become  fewer  in  number, 
1 An  alternative  term  is  nucleo-plasm. 
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and  the  thread  then  breaks  up  into  a number  of  segments  or 
chromosomes  (Fig.  4,  chr).  These  usually  assume  a horse- 
shoe shape,  but  in  some  species  they  are  simple,  straight  rods 
in  form.  The  number  of  chromosomes  is  usually  constant  in 
any  particular  species,  though  it  varies  with  different  species. 
In  a threadworm  ( Ascaris  megalocephala , var.  nnivalens ) 
there  are  only  two.  In  a crustacean  Artemia  there  are  168. 
In  the  spotted  Salamander  and  in  the  Lily  the  number  is  24. 
The  chromosomes,  after  they  are  formed,  continue  to  shorten 
and  thicken  and  to  arrange  themselves  in  the  equator  of  the 
nucleus  (Fig.  5).  While  these  changes  have  been  going  on, 
two  other  events  have  occurred.  First,  the  centrosphere 
divides  into  two  (Fig.  3),  and  they  mutually  move  apart  until 
they  reach  opposite  poles  of  the  nucleus  (Fig.  4).  Second, 
the  nuclear  membrane  and  the  nucleoli  disappear.  Shortly 
after  the  division  of  the  centrosphere  a number  of  lines 
radiating  from  them  make  their  appearance  (Fig.  4).  By  the 
time  the  two  centrospheres  have  taken  up  their  polar  positions, 
it  is  seen  that  part  of  these  radiations  spread  out  into  the  cell 
protoplasm,  and  may  be  termed  the  astral  rays  (astr,  Fig.  4). 
But  a part  also  extends  inwards  through  the  nuclear  sub- 
stance, where  it  meets  the  corresponding  portion  of  the  rays 
of  the  opposite  centrosphere,  in  the  nuclear  equator.  A 
spindle-like  body  is  thus  formed,  stretching  between  the 
two  centrospheres,  and  composed  of  what  are  regarded  as 
extremely  delicate  fibrils  (nu.sp).  This  part  of  the  nuclear 
mechanism  is  called  the  nuclear  spindle.  Some  of  the  fibrils 
of  the  spindle,  called  the  mantle  fibres,  become  attached  to 
the  chromosomes  ; those  which  remain  unattached  are  termed 
spindle  fibres.  A very  curious  and  significant  phenomenon 
now  takes  place.  Each  chromosome  splits  into  two  along  its 
length  (Fig.  5).  It  is  very  necessary  to  notice  that  the  divi- 
sion is  longitudinal  and  not  transverse.  The  significance  of 
the  process  would  be  quite  different  if  the  splitting  was 
across  and  not  along  the  chromosome.  In  order  to  fully 
understand  the  nature  of  this  splitting  we  must  carefully 
bear  in  mind  the  essential  structure  of  the  chromosome.  It 
is  a rod  of  linin  substance  in  which  a single  row  of  chromatin 
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Fig ' LfJthnw; n^r MlT0SIS-— Fifi-  I-  Resting  nucleus.  Chromatin  evenly  distributed. 
Fiv  3 'tu:  US  showing  more  marked  reticulate  structure.  The  linin  in  thick  strands 
arranged  in  rS?  col.ltract.ecl  and  now  forming  thread-like  meshes.  Chromatin  granules 
into  a .mmber  ofch3iosn^Ln  thfI!!ad;  Fi6;  + Dh’isi,on  of  sPirel"  thread  (linin  network) 
and  are  arranged  in  two^nwf?f;  th,e  chromatin  granules  (chromomers)  have  each  divided 
traction  and  S , tead  of  one.  The  nuclear  spindle  has  formed.  Fig.  5.  Con- 

and  are  attached  to the' m^nflChn°mOSOp-eS  V th£y  nre  I?ow  arranSed  °n  the  nuclear  equator 
and  the  two  halves  hnve  ,Pc^U  f-fibireS'  Fl§'- 6-  Each  chromosome  has  split  longitudinally, 
somes  are  merging  with  S i!'1’  pa,ssfed  l°  °PPosite  nuclear  poles.  Fig.  7.  The  chromo- 
The  nuclear  membrane  ™ 1 formmg  the  spirem  thread  of  the  daughter  nuclei. 

Fig.  8 The  linin  thre^w  'K  nu?leol‘  have  reappeared.  The  equatorial  plate  is  formed, 
in' 'the  resting  cSndiHon  ‘S  ^ Tlu'  cUu,«hter  nucIei  are  now 

ast.  fig,  aial  fiXe  - rtft  teVeV  'S  nbllIM  of  tl,e  chromatin,  ast,  astrosphere ; 
chromomeres  - chri  rhrrfm"™  centrosphere ; chr,  chromatin,  chromatin  granules,  or 
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thread  ■ nuc n“leo??s?  mfA1*310"?1  ,Pl*t(7  ,’'r'  Iinhl  ««™lum  ; l.n,  linin  or  spirem 
nu.sp,  nuclear  spindle/  uc  » nucleolus  °f  daughter  nucleus  ; n.m,  nuclear  membrane  ; 
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granules,1  or  chromomeres,  as  we  shall  now  term  them,  are 
serially  arranged  (Plate  X,  Fig.  4).  Before  the  linin  substance 
splits  each  chromomere  divides  into  two.  At  this  stage, 
therefore,  the  chromosome  contains  two  rows  of  chromomeres 
instead  of  one  (Plate  X,  Fig.  5,  and  Text-fig.  66,  y).  In  some  cases 
(as  in  that  shown  in  our  plate 
Figs.),  however,  the  division  of 
each  chromomere  takes  place  be- 
fore the  formation  of  the  chromo- 
somes, and  occurs  in  the  spireme 
thread  (Figs.  3 and  4).  In  such 
instances  the  chromosomes  con- 
tain the  double  row  of  chromo- 
meres from  the  moment  of  their 
formation  (Figs.  4 and  5).  The 
linin  substance  of  the  chromo- 
some now  divides  longitudinally 
in  a plane  passing  between  the 
two  rows  of  chromomeres,  and 
two  daughter  chromosomes  result 
from  each  mother  chromosome 
(Plate  X,  Fig.  6,  and  Text-fig.  66, 
z).  But  the  two  daughter  chro- 
mosomes contain  a chromatin 
content  (chromomeres)  which  is 
identical  in  nature.  This  neces- 
sarily follows  from  the  single 
serial  arrangement  and  bisection 
of  the  chromomeres.  If  we  sup- 
pose a given  chromosome  (Text- 
fig.  66)  contains  chromomeres  of 
the  nature  indicated  by  A,  B,  C, 

D,  E,  and  F,  &c.,  each  of  which  divides  into  two,  then  both 
daughter  chromosomes  will  contain  chromomeres  of  the  same 
nature,  i.e.,  A,  B,  C,  D,  E,  and  F,  &c.  This  duplication  or 
reproduction  of  the  chromatin  grains  (chromomeres)  is  the 
central  feature  of  karyokinesis. 

1 These  are  the  ids  of  Weismann’s  hypothesis. 
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Fig.  66. — Chromosomes  divi- 
ding. X.  A chromosome  show- 
ing the  single  row  of  chromomeres 
(chromatin  beads,  chromatin 
plates).  Y.  The  chromomeres 
have  each  divided  into  two,  and 
the  chromosome  contains  a double 
row  of  chromomeres.  Z.  The 
chromosome  has  split  longitudi- 
nally through  the  linin  substance 
in  a plane  between  the  two  rows 
of  chromomeres  and  two  daugh- 
ter chromosomes  are  formed. 
Each  necessarily  contains  the 
same  chromatin  (chromomere) 
content,  chr.  Chromomeres.  li. 
Linin  substance  of  chromosome. 
A,  B,  C,  D,  E,  F,  &c.,  symbolically 
represent  qualities  carried  by  the 
chromomeres. 
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The  splitting  of  the  chromosomes  occurs  while  they  are 
arranged  in  the  equator  of  the  nucleus.  Upon  the  formation 
of  the  daughter  chromosomes  the  mantle  fibres  begin  to  con- 
tract and  pull  the  two  halves  apart  towards  the  opposite  poles 
of  the  nucleus  (Fig.  6).  The  chromosomes  thus  carried  up  to 
one  pole  are  in  their  chromatin  contents  simply  duplicates  of 
those  carried  to  the  opposite  pole  (Fig.  7).  Thus  concen- 
trated in  the  two  polar  regions  the  chromosomes  begin  to 
branch  and  to  run  together,  forming  again  the  linin  mesh- 
work  of  a resting  nucleus  (Figs.  8 and  9,  l.r").  At  about  the 
same  time  the  nucleoli  and  the  nuclear  membrane  reappear, 
and  two  resting  daughter  nuclei  (da.nu)  are  formed.  Across 
the  equator  of  the  cell,  in  a plane  midway  between  the  two 
newly  constituted  nuclei,  a granular  plate  of  protoplasm, 
termed  the  equatorial  plate  (Figs.  6 and  7,  eq.pl),  is  formed. 
Along  this  plate  the  cytoplasm  eventually  divides  (Figs.  8 
and  9)  and  two  cells  each  containing  its  own  nucleus  result. 
Thus  from  the  single  parent  cell,  two  daughter  cells,  identical 
as  far  as  we  can  perceive  with  each  other  and  with  the  mother 
cell,  are  produced.  They  are  at  first  smaller,  but  apart  from 
this  feature  the  daughter  cells  in  essential  attributes  are,  as  it 
were,  the  mirror-images  of  the  parent  cell.  The  difference 
turning  upon  size  soon  disappears  by  the  growth  of  the 
young  cells. 

Hidden  away  within  this  complicated  process  of  mitosis 
there  lies  some  definite  meaning.  While  the  details  of  karyo- 
kinesis  in  different  species  of  animals  and  plants  vary  very 
widely,  the  central  feature  in  all  cases  appears  to  be  the 
duplication  and  equivalent  distribution  of  the  chromatin 
grains.  Their  duplication  by  division  may  occur  at  very 
different  times  in  the  nuclei  of  different  organisms,  but 
throughout  a great  variation  in  the  details  of  the  other  pro- 
cesses of  nuclear  division,  the  one  constant  feature  of  the 
phenomena  is  this  binary  division  of  the  chromatin  grains 
and  of  the  chromosomes.  And,  as  far  as  we  know,  each 
grain  divides  into  two,  and  not  into  three  or  four  or  more. 
Each  one  of  these  two  grains  is  carried  into  opposite  daughter 
nuclei,  one  grain  into  one  nucleus  and  its  fellow  to  the  other, 


KARYOKINESIS  OR  MITOSIS 


3i7 


When  an  epithelial  cell  divides  it  produces  two  daughter 
epithelial  cells  ; when  cartilage  cells  divide  they  each  beget 
two  cells  like  themselves.  Not  only  do  “cells  come  from 
cells,”  but  specific  kinds  of  cells  produce  like  cells.  Now 
an  epithelial  cell  differs  from  a muscle  cell.  Upon  what 
do  the  differences  depend  ? Since  “ like  begets  like,”  we 
must  seek  the  source  of  these  differences,  as  we  must  also 
seek  the  source  of  the  specific  properties  of  the  cells  them- 
selves, within  the  cell.  They  are  inherent  and  are  not 
impressed  from  without.  If  these  specific  characters  be 
transmitted  from  one  cell  generation  to  another,  are  they 
carried  in  some  material  substance,  and  if  so,  what  is  this 
substance  ? And  if  these  characters  are  transmitted  by  some 
material  body,  then  their  manifestation  in  the  cells  depends 
upon  the  presence  of  this  body  within  the  cell.  Now  it  is 
in  the  attempt  to  answer  these  questions  that  we  find  a 
rational  meaning  of  the  processes  of  nuclear  division  and 
an  intelligible  conception  of  the  place  of  chromatin  in  the 
scheme  of  things.  It  probably  is  the  substance  which 
carries  the  qualities  of  cells  through  successive  generations 
and  excites  the  manifestation  of  these  specific  qualities  as 
manifested  in  the  form,  size,  and  other  morphological 
and  physiological  attributes  of  the  cell. 

For  purposes  of  description  we  may  recognize  four 
periods  in  the  series  of  changes  which  constitute  mitosis. 
(1)  Prophase.  (2)  Metaphase.  (3)  Anaphase.  (4)  Telo- 
phase. The  Prophase  period.  This  comprises  all  the 
changes  up  to  the  formation  of  the  chromosomes,  the 
nuclear  spindle,  and  the  disappearance  of  the  nucleoli  and 
nuclear  membrane  (Figs.  1-4).  The  Metaphase  period. 

This  includes  the  arrangement  of  the  chromosomes  upon 
the  nuclear  equator  and  their  longitudinal  splitting  (Fig.  4). 
The  Anaphase  period.  The  passage  of  the  sister  chromosomes 
to  their  opposite  poles  constitutes  the  anaphase  (Fig.  6).  In 
the  next  period,  the  Telophase  period,  the  aggregated 
chromosomes  at  either  pole  run  together  and  give  rise  to 
he  linin  reticulum  of  the  new  resting  nucleus  (Figs.  7-9). 
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MATURATION  OF  THE  GERM  CELLS 

THE  cells  which  constitute  the  body  of  a Metazoan  fall 
naturally  into  two  groups,  he.,  the  somatic  or  body  cells 
and  the  gametes  or  sex  cells.  There  is  a fundamental 
difference  in  the  nuclear  contents  of  the  cells  of  these  two 
groups.  We  have  seen  that  the  number  of  chromosomes, 
though  varying  widely  for  different  species,  is  constant  for 
the  cells  of  any  particular  species.  Whatever  the  number 
may  be  in  the  somatic  cells  (such  as  epithelial  cells,  muscle 
cells,  nerve  cells,  and  the  like),  it  is,  with  a certain  definite 
exception,  half  that  number  in  the  sex  cells.  The  series  of 
changes  by  which  this  reduction  from  the  somatic  to  gametic 
number  is  brought  about,  are  collectively  designated  by  the 
term  “ maturation  of  the  germ  cells.”  The  nuclear  divi- 
sions which  are  concerned  with  this  numerical  reduction  of 
the  chromosomes,  constitute  a somewhat  definite  phase  in 
the  general  series  of  cell  divisions  that  make  up  the  mor- 
phological life-history  of  the  organism.  It  has  therefore  been 
termed  the  Maiotic  phase.  All  the  series  of  cell  divisions 
which  precede  it,  beginning  with  the  segmentation  of  the 
fertilized  ovum,  are  included  in  a Pre -maiotic  phase,  and 
those  which  succeed  it  belong  to  the  Post-maiotic  phase. 
The  two  first  phases  are  essentially  the  same  in  animals  and 
plants.  But  in  animals  there  is  no  post-maiotic  stage,  this 
being  confined  to  the  sexual  generation  or  gametophyte  of 
plants.  In  the  flowering  plants  this  generation  is  found 
within  the  embryo-sac  and  pollen  grains,  and  in  the  flowerless 
plants  in  the  prothallium. 

In  many  important  details  the  maturation  of  the  germ  ce  s 
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varies  in  different  organisms.  All  that  we  can  hope  to  do 
here  is  to  present  in  a more  or  less  generalized  form  an 
account  of  some  particular  type. 

We  will  suppose  that  we  are  dealing  with  the  maturation 
of  the  germ  cells  in  a species  having  somatic  nuclei  with  four 
chromosomes.  This  number  is  chosen  because  it  is  a con- 
venient one  to  deal  with.  (Plate  XI,  Figs.  1-8  and  A-D.) 

The  somatic  cells  which  are  destined  to  eventually  become 
sex  cells,  are  not  at  first  distinguishable  from  the  ordinary 
somatic  cells.  They  may  for  convenience  be  called  the 
primitive  sex  cells.  At  a certain  stage  they  cease  to  multiply 
and  grow  considerably,  their  nuclei  passing  into  the  resting 
condition,  preparatory  to  the  maiotic  phase.  These  cells  are 
the  sex  mother  cells.  The  maiotic  mitosis  is  then  ushered  in 
by  the  closer,  more  chromatic  and  often  polarized  arrangement 
of  the  spirem  thread  (linin  reticulum)  (Fig.  1).  The  polarization 
increases  and  the  chromatin  becomes  arranged  in  a number 
of  loops,  instead  of  being  continuously  distributed  through- 
out the  thread.  The  number  of  these  loops  is  then  seen 
to  be  one-half  that  of  the  chromosomes  present  in  the  nuclei 
of  the  somatic  cells  (Fig.  2).  There  is  little  doubt  that  each  of 
these  loops  represents  two  somatic  or  univalent  chromosomes 
joined  end  to  end  at  the  bend  of  the  loop.  They  are  there- 
fore bivalent.  The  chromatin  grains,  which  are  at  first 
arianged  in  a single  row  in  the  loops,  then  divide  into  two, 
so  that  a double  row  of  chromatin  beads  (chromomeres) 
replaces  the  originally  single  row  (Fig.  3).  This  double- 
beaded  phase  of  the  loops  may  last  for  some  time.  It 
represents  a longitudinal  splitting  of  the  chromosomes  which, 
instead  of  immediately  completing  itself,  is  inhibited  for  the 
time  being,  since  the  two  halves  do  not  at  once  separate.  In 
some  cases  both  this  longitudinal  splitting,  and  also  the 
transverse  separation  which  here  occurs,  as  we  shall  see  a 
1 t e later,  is  completed  at  this  stage  and  then  the  sex  mother 
cells  contain  twice  as  many  chromosomes  as  the  somatic  cells. 
But  here  the  individual  loops  contract,  thicken,  and  shorten, 
in  e couise  of  which  the  longitudinal  fission  closes  up  and 
disappears  (Fig.  4).  The  loops  or,  as  we  may  term  them,  the 
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maiotic  chromosomes 1 now  arrange  themselves  in  the  equator 
of  the  nucleus.  At  about  this  time  the  nuclear  membrane 
and  nucleoli  disappear.  The  loops  then  become  divided  into 
two  halves  by  a transverse  fission  at  their  bend  (Fig.  5).  Each 
half  represents  a separate  and  independent  somatic  chromo- 
some. This  transverse  division  of  the  loops  into  two 
represents  the  completion  of  the  partially  belated  separation 
of  the  chromosomes  from  their  spirem  thread.  Instead  of 
the  spirem  thread  giving  up  its  full  number  of  chromosomes, 
at  once  in  the  earlier  stage,  as  in  an  ordinary  somatic  mitosis, 
it  does  it  in  two  stages,  of  which  the  transverse  division  of 
the  loops  is  the  second  stage,  the  formation  of  the  loops 
being  the  first.  By  this  transverse  division  the  number, 
of  chromosomes  is  now  raised  to  its  full  somatic  number, 
i.e.,  in  this  case  four.1 2  The  chromosomes  next  became  sorted 
out  into  two  groups,  one  passing  up  along  the  nuclear  spindle 
to  one  pole  of  the  nucleus,  and  the  other  downwards  to  the 
opposite  pole  (Fig.  6).  The  manner  of  this  distribution  is  of 
particular  importance.  Each  maiotic  chromosome  or  loop, as. 
we  have  seen,  was  really  bivalent,  that  is,  it  represented  two 
somatic  chromosomes  united  together  end  to  end.  But  by  its 
transverse  division  the  two  associated  somatic  chromosomes 
are  liberated.  Now  the  manner  of  distribution  which  we 
are  considering  is  of  such  a nature  that  the  two  associated 
chromosomes  of  each  pair  do  not  pass  to  the  same  pole  of 
the  nuclear  spindle,  and  therefore  are  not  found  later  on, 
when  the  mitosis  is  completed,  in  the  same  daughter  nucleus.  ■ 
But  instead,  they  pass  to  opposite  poles  and  therefore  into 
separate  nuclei  when  the  nuclear  division  is  finished.  Each 
daughter  nucleus  thus  receives  different  contingents  of  chro- 
mosomes. The  important  point  to  notice  is  that  this  dis- 
tribution is  of  different  chromosomes,  not  of  the  halves  of 
the  same  chromosomes.  It  thus  differs  fundamentally  fr°nl 

1 An  alternative  term  in  general  use  is  heterotype  chromosomes. 

3 It  should  be  noted  that  if  the  longitudinal  split  had  become  complete 
at  this  or  an  earlier  stage,  there  would  now  be  eight  chromosomes  presen  1 
i.e.,  twice  the  somatic  number.  In  some  cases,  as  in  the  threadwormt 
(Ascaris),  and  in  others,  this  actually  occurs.  In  the  type  we  are  consia 
ing,  this  longitudinal  split  is  not  completed  until  a later  phase. 


MATURATION  OF  THE  GERM  CELLS  32I 


that  of  an  ordinary  somatic  mitosis.  The  number  of  chro- 
mosomes is  thus  reduced  both  quantitatively  and  qualitatively 
by  this  mitosis.  It  is  therefore  spoken  of  as  the  true  re- 
duction division  or  first  maiotic  division,  to  distinguish  it 
from  the  one  which  follows  and  which  is  quantitative  only. 

While  this  distribution  of  whole  chromosomes  is  going  on 
and  often  before  they  are  transversely  segmented  from  the 
maiotic  loops,  the  original  longitudinal  split  (Fig.  3)  which  was 
transiently  present  in  the  spirem  loops  reappears  (Fig.  6). 
It  becomes  completed  as  the  univalent  chromosomes  are 
passing  to  the  poles  of  the  nucleus.  This  division  really  antici- 
pates the  longitudinal  splitting  of  the  chromosomes  at  the 
next  or  second  maiotic  mitosis.  A nuclear  membrane  now 
reappears,  and  two  daughter  nuclei  are  formed  (Fig.  7). 

We  must  be  careful  to  recognize  the  fact  that  though  each 
of  the  two  univalent  chromosomes  splits  longitudinally  and 
becomes  paired,  the  actual  number  of  specific  chromosomes 
resulting  from  the  first  reduction  division  is  not  four  but 
two.  The  four  which  are  actually  present  only  represent  the 
twinned  halves  of  two  separate  chromosomes. 

The  characteristic  feature  of  the  particular  mitosis  we  are 
considering  is  the  qualitative  as  well  as  quantitative  re- 
duction brought  about  by  the  bodily  distribution  of  different 
chromosomes  to  the  two  daughter  nuclei. 

By  the  time  the  first  reduction  division  is  completed  the 
position  is  as  follows  : Each  of  the  two  daughter  nuclei, 
resulting  from  the  division  of  the  sex  mother  cell,  contains 
four  chromosomes  ; these  represent  the  twinned  halves  of 
two  different  chromosomes.  If  the  next  mitosis,  which  is 
known  as  the  second  reduction  division,  were  of  the  ordinary 
somatic  (pre-maiotic)  type,  each  of  these  four  chromosomes 
would  split  longitudinally,  producing  eight  and  giving  four 
chromosomes  to  each  of  the  resulting  daughter  nuclei.  But 
we  have  already  seen  that  this  longitudinal  splitting  is  antici- 
pated during  the  latter  part  (metaphase  and  anaphase)  of 

e Previ°us  mitosis.  It  does  not  therefore  occur  again, 
and  the  second  reduction  division  appears  to  be  like  the  first, 
i.e.,  ^merely  a sorting  out  of  the  chromosomes  of  the  mother 
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nucelus  into  the  two  daughter  nuclei.  For  the  four  chromo- 
somes pass  in  two  groups  of  two  in  each  along  the  nuclear 
spindle  to  opposite  poles  without  undergoing  any  concurrent 
longitudinal  splitting.  But  in  reality  no  sorting  out  occurs, 
since  the  distribution  is  of  twinned  halves  of  chromosomes 
into  their  two  respective  daughter  nuclei,  one  half  of  a 
chromosome  passing  into  one  daughter  nucleus  and  the  other 
half  into  the  corresponding  nucleus  (Fig.  8).  Each  daughter 
nucleus  now  contains  only  two  chromosomes,  or  half  the 
somatic  number.  The  reduction  which  has  occurred,  how- 
ever, is  quantitative  only,  not  qualitative.  There  are,  how- 
ever, cases  where  the  qualitative  reduction  occurs  during  the 
second  maiotic  division,  the  first  being  quantitative  only. 

Let  us  now  briefly  recapitulate  this  somewhat  complicated 
process.  The  spirem  thread  after  polarization  breaks  up  into 
two  maiotic  loops  or  chromosomes.  Each  of  these  is  bivalent 
and  represents  two  somatic  chromosomes  cohering  together, 
end  to  end.  Just  previous  to  this,  or  at  this  stage,  the  spirem 
thread  shows  a split  and  double-beaded  appearance  due  to 
the  binary  division  of  the  chromomeres.  The  looped  bivalent 
chromosomes  now  contract  and  thicken,  and  the  split  closes 
up.  Each  then  becomes  transversely  divided  into  two 
univalent  chromosomes.  The  nucleus  now  contains  the  full 
somatic  number.  The  chromosomes  arrange  themselves  on 
the  equator  of  the  nuclear  spindle,  and  the  longitudinal  split 
reappears.  They  are  next  carried  apart  in  two  groups  along 
the  nuclear  spindle  to  opposite  poles.  This  distribution  is 
qualitative,  i.e.,  different  chromosomes — not  halves  of  the 
same  chromosomes — are  carried  to  the  nuclear  poles.  A * 
nuclear  membrane  appears  around  each  group,  and  two 
daughter  nuclei  are  formed.  Each  very  quickly  divides  again, 
by  a simple  assortment  of  the  halves  of  the  split  chromosomes 
derived  from  the  last  mitosis.  This  second  reduction  division 
is  in  reality  an  ordinary  somatic  (pre-maiotic)  mitosis  in  which, 
however,  the  longitudinal  splitting  of  the  chromosomes 
occurred  during  the  previous  mitosis,  but  without  any  con- 
current distribution  into  separate  daughter  nuclei  of  the 
split  halves.  That  occurs  only  at  this  last  mitosis.  Foui 
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cells  are  thus  formed  from  every  primary  sex  cell,  and  the 
nucleus  of  each  contains  only  two  chromosomes,  i.e.,  half  the 
somatic  number.  These  four  cells  in  the  case  of  plants  will 
be  spores  or  pollen  grains,  and  in  the  case  of  animals  they 
will  be  spermatozoa. 

A few  general  considerations  may  be  considered  at  this 
point.  At  the  first  reduction  division  the  two  nuclei  formed 
contain  different  chromosomes,  and  are  thus  of  different 
hereditary  value.  It  is  at  this  division  apparently  that 
alternative  maternal  (Figs.  5,  6,  7,  f)  and  paternal  (m)  char- 
acters are  segregated  and  passed  into  different  cells.  The 
two  daughter  nuclei  formed  at  the  second  reduction  division 
from  each  of  the  two  nuclei  of  the  first  reduction  division, 
merely  carry  the  halves  of  the  same  chromosomes  and  are 
thus  of  equivalent  hereditary  value. 

Thus  in  respect  to  any  particular  character  factor,  two  of 
the  four  cells  will  be  carrying  the  maternal  contribution  and 
two  the  paternal.  In  other  words,  of  the  total  number  of  the 
sex  cells  of  an  organism,  one  half  will  carry  the  maternal  and 
the  other  half  the  alternative  paternal  contribution.  Such 
conceptions  must  serve  to  profoundly  alter  some  of  our 
previous  views  of  heredity.  For  if  the  chromosomes  or  the 
tstill  smaller  units,  the  chromomeres,  are  the  carriers  of  the 
hereditary  substances  which  influence  the  manifestation  of 
zygotic  characters,  then  it  seems  clear  that  paternal  and 
maternal  characteristics  are  not  blended  but  segregated. 
That  being  so,  there  can  be  no  modification,  through  the 
mechanism  of  inheritance,  of  qualities  passed  on  from  one 
generation  to  another.  Paternal  red-hairedness  is  not 
darkened  by  maternal  brunetteness  nor  vice  versa.  In  the 
descendants  of  those  parents,  red-hairedness  and  brunette- 
mess  may  reappear  as  in  the  father  and  the  mother. 

The  account  which  has  been  given  of  the  two  reduction 
divisions  is  in  all  its  essential  features  true  of  many  plants 
.Lily,  Royal  Fern,  Psilotum)  Aneura , &c.)  and  animals  (cock- 
1 ‘oach,  fishes,  amphibia  and  mammals),  including  Man.  And, 
hough  there  are  departures  from  the  type  we  have  described, 
^et  on  the  whole  it  represents  a process  of  fundamental 
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significance  and  of  wide  extent  in  the  living  kingdom  as  a 
whole. 

The  details  of  the  process  as  they  have  been  described 
above  are  specially  applicable  to  the  maturation  of  the  male 
sex  cells.  They  are  illustrative  of  the  formation  of  the  pollen 
grains  and  spores  in  plants  and  of  spermatozoa  in  animals. 
We  may  here  mention  that  when  the  sex  mother  cells  are 
destined  to  become  male  sex  cells  they  are  called  pollen 
mother  cells  in  plants  and  sperm  mother  cells  in  animals. 

In  essential  features  the  maturation  of  the  egg-cell  or  ovum 
is  similar  to  that  of  the  male  sex  cells.  There  are,  however, 
important  differences  in  detail.  We  may  consider  what 
happens  in  an  animal  egg-cell.  The  maturation  is  the  same 
up  to  the  formation  of  the  sex  mother  cell.  This  will  now  be 
known  as  the  egg  mother  cell.  Instead  of  dividing  at  the  first 
reduction  division  into  two  cells  of  equal  size,  it  divides  into 
one  large  one  and  a very  small  one.  This  latter  is  the  first  polar, 
body  (Plate  XI,  Figs.  A and  B).  The  larger  cell  will  become  the 
ripe  egg.  The  second  reduction  division  almost  immediately 
follows  the  first  and  a second  polar  body  is  formed  (Fig.  C). 
The  behaviour  of  the  chromosomes  and  their  numerical  and 
qualitative  reduction,  at  each  division,  is  the  same  as  the 
corresponding  divisions  in  the  male  cells.  In  many  cases, 
while  the  second  polar  body  is  being  extruded,  the  first 
divides  into  two  (Fig.  D).  In  all  four  cells  are  thus  produced. 
Three  are  very  small  and  non-viable  and  one  only  is  large 
and  viable.  The  latter  is  the  ripe  egg.  Each  of  the  four 
cells,  like  the  four  viable  male  cells,  contains  only  two  chromo- 
somes. The  matured  egg — the  female  gamete — thus  possesses, 
like  the  male  gametes,  only  half  the  somatic  number  of 
chromosomes. 

Since  the  first  reduction  division  of  the  egg  mother  cell  is 
essentially  the  same  as  that  of  the  sperm  mother  cell,  which, 
as  we  have  seen,  is  a qualitatively  reducing  division,  1 
follows  that  the  first  polar  body  contains  one  set  of  different 
chromosomes  and  the  egg  cell  the  other  set.  Now  if  for  the 
sake  of  illustration  we  call  these  two  sets  / and  tit,  we 
assume  that  the  extrusion  of  the  / or  m set  of  chromosomes 
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into  the  polar  body  is  a matter  of  chance,  it  follows  that 
sometimes  it  will  be  / and  sometimes  m which  is  extruded. 
Now,  on  an  average,/ and  m will  go  out  an  equal  number  of 
times,  and  therefore  two  sets  of  ripe  eggs,  each  equal  in 
number,  will  be  formed.  One  set  will  be  carrying  the  / 
chromosomes  and  the  other  set  the  m chromosomes.  In 
other  words,  the  alternative  paternal  and  maternal  characters 
may  both  be  present  in  the  gametes  of  the  same  individual, 
but  carried  in  different  sex  cells.  It  is  this  conception  which 
we  understand  when  we  use  the  term  gametic  purity. 

We  have  now  reached  the  stage  when  the  male  and  female 
sex  cells  are  ripe  and  ready  for  fertilization.  Both  are  char- 
acterized by  the  reduced  number  of  chromosomes.  Both  in 
the  course  of  their  maturation  have  eliminated  alternative 
maternal  and  paternal  characters.1  Each  carries,  as  a con- 
sequence, either  the  maternal  or  paternal  alternative  character 
but  not  both.  Now  fertilization,  in  essential  features,  is 
simply  the  fusion  of  a male  and  female  sex  cell.  This  fusion 
involves  the  union  of  the  two  nuclei.  With  but  one  or  two 
exceptions  the  egg  cell  is  passive  throughout  the  animal  and 
plant  kingdoms  and  the  sperm  cell  is  actively  motile.  It 
reaches  the  egg  by  its  own  motility  and  penetrates  its  sub- 
stance. While  the  egg  contains  relatively  much  protoplasm, 
the  sperm  cell  (spermatozoa)  is  practically  nearly  all  nucleus. 
Its  nucleus  indeed  is  ensheathed  in  a mere  film  of  protoplasm, 
which  is  drawn  out  behind  into  a protoplasmic  filament,  by 
the  movements  of  which  motility  is  imparted  to  the  cell. 
When  the  sperm  cell  enters  the  egg  its  tail  is  lost  or  absorbed 
in  the  cytoplasm  of  the  egg-cell  and  its  nucleus  is  then  known 
as  the  male  pronucleus.  The  nucleus  of  the  egg  is  the 
female  pronucleus.  The  two  pronuclei  appear  to  be  mu- 
tually attracted,  for  they  approach  each  other  and  unite.  The 
common  nucleus  thus  formed  is  the  segmentation  nucleus. 
Here  we  must  be  careful  to  make  an  important  distinction, 
ile  the  two  pronuclei  fuse  their  contained  chromosomes 
o not.  Those  brought  into  the  segmentation  nucleus  by  the 


J*™  ,ttrlCtly  speaking  the  chromatic  substance  which  by  its  presence 
influences  the  manifestation  of  characters.  F 
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male  pronucleus,  while  they  lie  side  by  side  with  those  con- 
tained in  the  female  pronucleus,  do  not  fuse  with  them. 
There  is  thus  no  blending  of  the  maternal  and  paternal  , 
characters,  so  far  as  the  behaviour  of  the  chromosomes  is 
concerned. 

The  formation  of  the  segmentation  nucleus  ushers  in  a new 
phase.  The  fertilized  egg  divides  up  repeatedly  for  some 
time  to  come  and  builds  up  a new  organism.  The  fusion  of 
the  two  sexual  pronuclei  has  of  course  restored  to  the  seg-. 
mentation  nucleus  the  full  somatic  number  of  chromosomes. 
It  contains  four  of  them.  During  the  subsequent  divisions  by 
which  the  embryo  is  produced,  the  mitosis  is  of  the  ordinary 
somatic  or  pre-maiotic  type.  At  each  division  the  chromo- 
somes are  split  longitudinally  and  no  reduction  in  number 
occurs.  From  the  moment  of  fertilization  we  speak  of  the 
new  individual  thus  formed  as  the  zygote.  The  zygote  is  the 
product  of  the  fusion  of  two  gametes. 


CHAPTER  XXIX 


THE  DEVELOPMENT  OF  ORGANISMS 
FORMATION  OF  THE  GERMINAL  LAYERS 

The  Early  Embryology 

THE  animals  we  have  examined  form  in  a sense  an 
ascending  scale.  The  frog  is  higher  than  the  dog-fish, 
the  dog-fish  than  the  worm,  the  worm  than  hydra,  and  hydra 
than  amoeba.  No  doubt  each  of  them  is  equally  fitted  to  the 
circumstances  in  which  it  lives,  and,  so  far  as  what  is  called 
adaptation  to  its  environment  goes,  each  is  equally  well  off, 
and  the  frog,  for  instance,  would  be  as  unable  to  occupy  the 
place  of  amoeba  as  amoeba  would  be  for  the  manner  of  life 
of  the  frog.  But  in  the  type  of  its  structure,  each  of  them 
forms  an  improvement  and  advance  on  the  one  next  below. 
Hydra  is  a colony  of  single  cells  which  are  specialized  and 
arranged  so  as  to  form  the  coelenterate  type  of  structure. 
The  coelomate  type  is  an  extension  and  improvement  on  the 
coelenterate,  while  among  the  coelomata  the  vertebrate  type 
is  composed  by  a series  of  alterations  of  and  additions  to  a 
simple  invertebrate  type.  Among  the  vertebrates  we  have 
seen  that  the  type  on  which  the  frog  is  built  is  in  many 
respects  simply  an  improved  and  altered  edition  of  the  dog- 
fish type.  It  must  be  remembered,  however,  that  we  have 
examined  only  three  or  four  out  of  the  multitude  of  forms 
composing  the  animal  kingdom  ; and  each  kind  of  animal,  in 
addition  to  its  ground-plan,  its  typical  structure,  has  an 
immense  number  of  individual  characters.  It  is  only  after 
the  examination  of  a larger  number  of  animals  that  it  is 
possible  in  individual  cases  to  separate  the  structures  of  the 
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animals  that  are  individual  peculiarities  from  the  structures 
which  characterize  its  type  or  race.  Every  one  has  seen  the 
immense  blocks  of  buildings  divided  into  hundreds  of  sets  of  . 
flats  that  are  now  being  erected  in  our  large  cities.  There 
are  generally  only  three  or  four  types  of  suites  of  rooms 
among  all  these  sets.  But  before  they  are  occupied  one  may 
see  a legend  on  a placard  stating  that  these  flats  will  be 
“papered  and  decorated  to  suit  the  wishes  of  the  tenants.” 
When  this  has  been  done  the  different  tenants  have  their  own 
ideas  of  furniture,  of  arrangement  of  pictures,  and  so  forth, 
and  when  the  whole  block  is  occupied  perhaps  only  an  archi- 
tect could  discern  among  all  the  diversities  of  appearance  the 
three  or  four  ground-plans  of  structure  that  exist.  The 
animal  kingdom  in  many  respects  is  like  this.  But  the 
amoeba,  the  hydra,  the  earthworm,  the  dog-fish,  and  the 
frog,  have  been  selected  because  they  are  representatives  of 
the  leading  types  of  structure  that  have  been  found  to  exist 
among  animals. 

The  embryological  development  of  an  animal  is  the  series 
of  changes  through  which  it  passes  from  its  first  formation  to 
its  arrival  at  the  adult  type.  It  will  be  remembered  that  even 
in  the  protozoa  there  were  instances  of  changes  of  this 
nature.  For  instance,  when  Vorticella  reproduces  by  spore 
formation,  the  tiny,  naked,  nucleated  mass  of  protoplasm  that 
emerges  through  the  ruptured  spore-wall  bears  no  resem- 
blance to  the  adult  condition.  It  feeds  and  grows,  develops 
cilia  and  swims  about.  At  last,  however,  it  forms  a pharynx, 
peristome,  and  disc,  and,  becoming  fixed  by  a contractile 
stalk,  settles  down  as  an  adult  Vorticella.  However,  the 
young  cell  creeping  out  of  the  spore  is  as  much  a cell  as  the 
fully  formed  complicated  animal.  In  the  embryological  de- 
velopment of  all  the  metazoa  the  set  of  changes  consists  not 
only  in  the  specialization  of  cells,  but  in  their  multiplication 
and  arrangement  in  definite  ways.  It  is  now  known  that 
animals  in  the  course  of  their  development  pass  through 
stages  corresponding  to  the  main  types  of  structure  below 
them.  Thus  the  sexual  development  of  all  the  metazoa 
begins  with  the  union  of  a male  cell,  or  spermatozoon,  wit  1 
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a female  cell  or  ovum.  This  corresponds  to  the  conjugation 
of  two  protozoa  before  spore  formation.  Next,  by  division 
of  the  cell  resulting  from  the  fusion  of  the  male  and  female 
cells,  a mass  of  cells  is  formed,  sometimes  solid,  sometimes 
hollow,  and  this  stage,  the  blastosphere,  corresponds  to  a 
colony  of  protozoa.  Next  the  blastosphere  turns  into  a two- 
layered form  such  as  the  gastrula.  The  ccelenterate  animals 
do  not  rise  beyond  this  in  type.  Hydra  is  a simple  modifi- 
cation of  it,  and  the  other  ccelenterates  are  simply  complications 
of  the  gastrula  type.  Next,  the  gastrula  becomes  coelomate 
by  the  formation  of  the  middle  layer  and  the  coelome.  Then 
a number  of  different  courses  may  be  followed.  In  a typical 
invertebrate  a leading  change  consists  in  the  concentration  of 
the  ectodermal  nervous  layer  into  a brain,  a ring  round  the 
oesophagus,  and  a ventral  ganglionated  chain.  In  the  typical 
vertebrate  the  ectodermal  nervous  layer  becomes  concentrated 
into  a brain  and  dorsal  nervous  tube,  while  a skeletal  structure, 
the  notochord,  appears  between  the  gut  and  the  dorsal  nerve 
tube.  At  the  same  time  the  front  end  of  the  alimentary  canal 
becomes  modified  in  connexion  with  respiration  by  the 
formation  of  gill-slits. 

We  shall  now  consider  the  essential  features  in  the  earlier 
stages  of  the  process  of  development.  As  we  shall  see  later, 
every  triploblastic  metazoan  traces  the  origin  of  its  tissues  to 
three  primary  or  embryonic  layers.  These  are  called  the 
germinal  layers.  The  two  first  formed  arise  directly  from 
the  segmentation  of  the  fertilized  egg,  and  the  third  is  a 
derivative  of  the  other  two,  in  greater  or  lesser  part  from  the 
one  or  the  other.  It  is  with  the  formation  of  these  germinal 
layers  that  we  are  more  specially  concerned. 

A new  organism,  as  we  have  seen  in  the  case  of  the  sexual 
reproduction  of  metazoa,  is  produced  from  the  zygote  result- 
ing from  the  conjugation  of  an  egg-cell  and  a sperm-cell. 
But  as  a matter  of  fact,  the  cell  so  formed  derives  its  separate 
elements  unequally  from  male  and  female.  Practically  all 
the  protoplasm  of  the  cell  body  is  that  of  the  female.  The 
centrosome  is  usually  that  of  the  male.  The  nuclear  matter 
consists  of  two  chromosomes  from  the  female  and  two 
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chromosomes  from  the  male.  As  a matter  of  common  obser 
vation,  we  know  that  children  or  animals  inherit  as  mucl 
from  their  fathers  as  from  their  mothers.  It  is  to  be  inferrec- 
from  this  that  if  the  inherited  characters  are  conveyed  by  th< 
male  and  female  cells,  and  we  know  of  no  other  way  in  whicl 
they  could  be  conveyed,  they  are  conveyed  by  some  part  o 
the  sexual  cells  to  which  both  parents  contribute  equally.  I 
is  the  chromosomes  of  the  nucleus  which  are  equally  con- 
tributed by  both  parents,  in  the  figures  each  supplying  two 
Accordingly,  it  is  generally  believed  that  the  chromatin  of  the 
nucleus  is  the  bearer  of  inherited  characters. 

The  centrosome  is  almost  certainly  an  organ  of  division 
and,  as  we  have  seen,  it  may  be  derived  simply  from  the 
male,  although  in  some  cases  a centrosome  is  present  in  the 
ovum  also.  The  protoplasm  of  the  body  of  the  egg  alone  is 
present  in  the  fertilized  cell.  In  one  case  it  has  been  shown 
by  actual  experiment  that  it  does  not  act  as  the  bearer  of 
maternal  characters.  A German  investigator  was  able  to 
remove  the  nucleus  from  the  egg-cells  of  one  species,  which 
may  be  called  species  A.  Then  he  poured  over  the  eggs 
spermatozoa  from  another  species,  which  we  may  call  B. 
He  found  that  the  eggs  developed  into  young  embryos  of 
the  species  B.  As  there  was  present  only  male  nuclear 
matter,  only  the  characters  of  the  species-  to  which  the  male 
belonged  were  transmitted. 

We  see,  then,  that  the  nucleus  of  cells  has  one  important 
and  special  function.  It  is  the  part  of  the  cell  which,  when 
the  cell  conjugates  with  another,  or  divides,  is  the  bearer 
of  the  characters  of  the  cell. 

In  addition  to  what  has  been  mentioned,  an  important 
set  of  secondary  structures  are  frequently  developed  around 
the  egg.  These  serve  as  shells  or  membranes  which  protect 
the  young  embryo  during  the  early  stages  of  its  growth. 
They  are  formed  in  very  different  ways,  and  there  may  be 
several  of  them  present  in  a single  case.  The  simplest  is 
a cell-wall  formed  from  the  protoplasm  of  the  egg  dse  • 
This  is  generally  a very  thin  and  delicate  structure,  “ 
round  about  it  other  protective  membranes  may  be  forme  , 
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especially  when,  from  the  presence  of  much  food-yolk,  the 
egg  is  large  and  bulky.  The  follicle  cells  which  surrounded 
the  ovum  while  it  was  in  the  ovary  may  form  a stout 
membrane  or  shell,  which  is  often  horny.  Then,  when  the 
egg  is  travelling  down  the  oviduct  towards  the  exterior, 
the  walls  of  the  oviduct  may  form  round  it  a gelatinous 
or  albuminous  layer.  Lastly,  sometimes  from  special  glands 
in  the  lower  part  of  the  oviduct  or  in  the  uterus,  an  external 
shell  may  be  added.  Thus  the  egg  of  a fowl  is  surrounded 
by  a series  of  membranes  of  this  kind.  In  the  ovary  it  arises 
as  a small  cell  of  microscopic  size.  Into  this  yolk  is  poured 
from  the  follicle  cells,  and  round  it  is  formed  a delicate 
cell-wall  by  its  own  protoplasm.  This,  however,  disappears 
after  a very  short  time,  and  when  the  egg  leaves  the  ovary 
it  is  surrounded  by  a special  membrane  formed  by  secretion 
from  the  follicle  cells,  and  known  as  the  vitelline  membrane. 
When  it  passes  into  the  upper  portion  of  the  oviduct, 
secreting  cells  pour  round  it  the  white-of-egg,  or  albuminous 
layer.  In  the  middle  region  of  the  oviduct  the  outer  part 
of  the  white-of-egg  becomes  hardened  into  the  fibrous  shell- 
membranes,  and  finally  in  the  lowest  portion  of  all  the 
calcareous  shell  is  deposited  by  a special  set  of  cells.  Of 
course,  in  different  animals  the  nature  and  method  of 
deposition  of  the  egg  membranes  are  different.  Generally 
the  entrance  of  the  spermatozoon  is  effected  before  the 
formation  of  membranes,  but  in  some  cases  a special 
aperture,  the  micropyle,  is  left  in  order  to  allow  the 
entrance  of  the  male  cell.  In  such  a case  there  is  generally 
present  only  an  inner,  or  vitelline  membrane. 

After  fertilization  of  the  egg  has  been  effected,  cell- 
division,  or,  as  it  is  called  in  the  case  of  the  egg-cell, 
segmentation  occurs.  The  simple  nature  of  this  as  a case 
of  cell-division  is  disguised  in  those  cases  where  much  food- 
yolk  is  present.  In  such  the  nucleus  divides,  but  the  division 
does  not  extend  completely  through  the  large  cell  body, 
bloated  as  it  is  with  inert  food-yolk.  Thus,  in  the  case  of 
the  dog-fish,  or  fowl,  the  division  of  the  nucleus  is  followed 
only  by  a partial  division  of  the  body  of  the  cell,  this  attempt 
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at  division  being  represented  by  a furrow  or  line  of  cleavage, 
extending  only  a little  distance  into  the  surface  of  the  yoll 
mass.  As  the  presence  of  yolk  complicates  the  methoc 
in  which  the  subsequent  stages  of  development  take  place 
we  shall  describe  the  method  of  segmentation  and  develop- 
ment that  occurs  in  cases  where  there  is  only  a very  smal. 
amount  of  yolk  present  in  the  egg.  As  all  the  divisions 
take  place  by  the  process  of  karyokinesis,  which  has  already 
been  described,  no  reference  will  be  made  to  the  internal 
occurrences  during  the  repeated  divisions  by  which  the 
form  of  the  animal  is  built  up. 

A fertilized  egg-cell  that  contains  little  food-yolk  divides 
first  of  all  completely  into  two  cells.  Then  each  of  these 

divides,  forming  four  cells,  each  of 
these  again  forming  eight,  and  each 
of  the  eight  forming  sixteen.  The 
cells,  or  segmentation  spheres  or 
blastomeres,  as  they  are  called, 
assume  a spherical  form  after  each 
division,  and,  as  they  adhere  closely 
to  each  other,  the  whole  embryo, 
after  the  four-cell  stage,  is  a round, 
solid  mass  of  cells  with  only  the 
little  interspaces  between  the  cells 
that  are  the  necessary  result  of  the 
rounded  form  of  the  individual  cells. 
Recent  investigations  have  shown  that  the  blastomeres  are 
not  merely  in  contact  but  are  connected  with  each  other  by 
fine  strands  of  protoplasm.  In  some  cases  and  perhaps  in 
all,  these  fibrils  become  later  differentiated  into  nerves. 

Sometimes  there  is  more  of  the  food-yolk  present  in  some 
of  the  blastomeres  than  in  the  others.  When  this  occurs 
it  begins  to  be  specially  noticeable  at  the  eight-cell  stage. 
Four  of  these  may  be  larger  and  contain  most  of  the  food 
material,  the  other  four  being  smaller.  The  smaller  cells 
are  said  to  form  the  animal  pole,1  and  from  them  tie 
ectoderm  of  the  animal  is  formed,  while  the  largei,  oo 

1 The  animal  pole  is  the  pole  at  which  the  polar  bodies  were  extruded. 


Fig.  67. — Four  stages  in 
cleavage ; resulting  in  the 
Morula. 
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containing  cells  lie  at  what  is  called  the  vegetative  pole, 
and  give  rise  to  the  endoderm.  On  the  other  hand,  no 
difference  between  the  individual  cells  may  be  visible  up 
to  the  sixteen-cell  stage.  Moreover,  experiments  show  that 
there  may  be  in  some  cases,  at  any  rate,  no  difference 
between  the  characters  and  nature  of  the  first  sixteen  cells. 
It  has  been  found  possible,  by  shaking  embryos  of  the  two-, 
four-,  eight-,  and  sixteen-cell  stages,  completely  to  separate 
the  cells  from  each  other,  and  it  has  resulted  that  each  of 
the  separated  cells,  by  division  on  its  own  account,  formed 
an  embryo  by  itself,  the  only  difference  being  that  these 
embryos  were  proportionately  smaller.  It  should,  however, 
be  borne  in  mind  that  in  a later  stage  of  development  this 
is  not  true.  For  then  differentiation 
has  occurred,  and  the  experimental 
elimination  from  the  developing  em- 
bryo of  specific  blastomeres  results  in 
the  absence  of  definite  organs  from 
ii  the  later  embryo. 

The  sixteen-cell  stage  from  its  ap- 
pearance is  called  the  morula  or 
mulberry  stage,  and  may  be  com- 
pared to  a colonial  protozoon.  Its  FlG-  68.— Section  through 
cells  multiply  rapidly  by  repeated  astosp 

division,  and  give  rise  to  a single  layered  hollow  sphere,  the 
blastosphere,  a section  through  which  is  represented  in 
Fig.  68.  In  this  stage,  whether  or  no  a distinction  between 
the  cells  at  the  animal  pole  and  the  larger  cells  of  the  vege- 
tative pole  has  previously  appeared,  such  poles  become 
obvious.  The  blastosphere,  then,  is  a hollow  sphere  of  cells 
arranged  in  a layer,  one  cell  thick,  with  larger  cells  towards 
the  lower  or  vegetative  pole,  and  smaller  cells  towards  the 
animal  pole.  The  central  cavity  is  termed  the  segmentation 
cavity.  The  next  stage  consists  in  the  assumption  of  the 
coelenterate  or  two-layered  type.  This  takes  place  by 
the  larger  cells  moving  inwards  to  form  the  inner  layer.  The 
simplest  method  by  which  this  occurs  in  the  embryos  of  the 
vertebrate  group  is  by  the  invagination,  or  infolding,  of 
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Fig.  69. — Section  through 
early  invaginate  gastrula. 


the  cells  of  the  vegetative  pole  without  any  break  in  their: 
continuity,  as  when  a hollow  indiarubber  ball,  pricked  so 

that  the  air  has  escaped,  shows  a> 
dimple  that  may  be  pushed  in  by  the: 
finger  until  the  ball  is  turned  into  a 
two-layered  cup.  The  embryo  has^ 
now  reached  the  ccelenterate  type: 
and  is  what  is  called  a gastrula  (Fig. 
69).  The  central  cavity  is  the  ente- 
ron,  the  mouth  of  the  gastrula  is  what : 
is  called  the  blastopore.  The  layers, 
in  the  embryonic  condition,  are  given  1 
names  which  distinguish  them  from  the  similar  layers  of: 
adult  animals.  The  outer  layer  which  corresponds  to  the 
ectoderm  of  Hydra  is  called  the  epiblast.  The  inner  layer 
corresponding  to  the  endoderm  of  Hydra  is  called  the 
hypoblast.  These  two  are  the 
primitive  germinal  layers.  The 
third  layer  which  was  spoken 
of  as  the  mesoderm,  and  which  is 
characteristic  of  the  coelomates,  is 
termed  the  mesoblast,  and,  unlike 
the  epiblast  and  hypoblast,  is  not 
a primary  layer  arising  directly 
from  the  blastosphere.  It  is  de- 
rived in  different  ways  from  the 
two  pfimary  layers,  and  consists 
of  a reticulum  of  cells  which  later 
becomes  very  divergently  differen- 
tiated. 

The  subsequent  development  of 
the  gastrula  into  the  coelomate 
type  becomes  more  and  more 
complicated,  and  one  has  to  notice  iaterI^Srf^e<WLBSSS^^ 
several  processes  separately  which  en-  Enteron  (archenteron).  ep. 
are  going  on  simultaneously  in  Epiblast'  hy>  Hypoblast' 
the  actual  development.  Moreover,  the  general  assumption 
of  the  coelomate  type  is  accompanied  by  the  appearance  of 
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structures  which  are  different  in  different  groups  of  the 
ccelomates.  It  is  therefore  necessary  to  follow  one  of  the 
types  of  ccelomate  structure.  That  chosen  here  is  the  Verte- 
brate or  Chordate  type. 

First  of  all  the  gastrula  becomes  elongated  (Fig.  70)  and 
the  blastopore  lies  at  the  posterior  end.  The  opening 
becomes  very  much  smaller  on  account  of  gradual  growth 
round  its  edges.  This  growth  is,  however,  not  quite  regular, 
but  is  more  rapid  at  the  sides  and  at  the  edge  corresponding 
to  the  future  ventral  surface  of  the  animal.  Thus  it  happens 
that  the  blastopore  gets  pulled  out  into  a long  slit-like  aper- 
ture, which  extends  a small  distance  over  the  dorsal  suiface 


Fig.  71. — Longitudinal  vertical  section  through  a later  stage.  B.  Blasto- 
pore leading  into  dorsally  the  nerve-tube,  which  in  front  is  expanded  into  the 
three  primitive  vesicles  of  the  brain ; the  blastopore  lower  down  leads  into  E, 
the  enteron,  along  the  dorsal  wall  of  which  an  expansion  is  forming  the  noto- 
chord. M.  Invagination  of  epiblast  to  form  the  mouth  ; A,  to  form  the  anus. 

of  the  embryo  and  terminates  at  the  posterior  end  of  the 
embryo. 

Meantime  a longitudinal  furrow  or  groove  appears  along 
the  dorsal  surface  of  the  epiblast  from  the  anterior  edge  of 
the  blastopore  towards  the  anterior  end.  This  groove  be- 
comes deeper  and  deeper,  and  finally  its  edges  meet  over  the 
open  groove  and  thus  transform  the  groove  into  a canal 
(Fig.  74).  This  tube,  arising  from  the  epiblast  along  the  dorsal 
line,  forms  the  nervous  system  of  Vertebrates.  The  tube 
sinks  down  and  the  epiblast  closes  over  it.  At  the  anterior 
end  it  becomes  enlarged  to  form  three  primary  vesicles  of 
the  brain.  Its  posterior  part  forms  the  spinal  cord,  and  the 
cavity  of  the  tube  becomes  the  cavity  of  the  brain  in  front 
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and  the  central  canal  of  the  spinal  cord  behind.  The  primar 
vesicles  alter  as  described  on  page  226.  At  first  this  cam 
opens  into  the  blastopore  behind,  but  the  lips  of  the  elor 
gated  blastopore  close  over  and  meet  just  as  the  edges  of  th 
nerve  furrow  grew  together  to  form  a tube.  In  this  way  th 
spinal  canal  passes  round  the  posterior  end  of  the  embry 
under  the  closed  lips  of  the  blastopore  and  opens  into  th 

enteron  or  primitive  gut.  Thi 
connexion  is  called  the  neuren 
teric  canal,  because  it  passe 
from  the  neural  canal  to  the  ente 
ron  (Fig.  71).  Shortly  afterward 
a small  pit  appears  in  the  epiblas 
just  below  the  closed  edge  of  th< 
blastopore.  This  epiblastic  pi 
grows  deeper  until  it  break: 
through  into  the  posterior  enc 
of  the  enteron.  This  new  open- 
ing forms  the  anus  of  the  animal 
Upon  its  appearance  the  neuren- 
teric  canal  is  obliterated  and  the 
nervous  Tube  becomes  closed  at 
the  posterior  end.  At  the  an- 
terior end  of  the  body  of  the 
embryo  on  the  ventral  surface  an 
epiblastic  pit  like  that  which 
formed  the  anus  appears.  This 
grows  deeper,  and  breaks  through 
into  the  anterior  blind  end  of 
the  enteron  and  forms  the  mouth  and  buccal  cavity  of 
the  animal.  At  each  side  of  the  anterior  end  of  the  body, 
behind  the  mouth,  four  or  five  elongate,  shallow  epiblastic 
pits  appear.  These  grow  in  towards  the  hypoblastic  walls  of 
the  enteron,  and  opposite  each  epiblastic  pit  a hollow  hypo- 
blastic bud  grows  out.  The  latter  reach  nearly  to  the  out- 
side, and  come  into  contact  with  the  epiblastic  pits  ; the 
opposed  walls  of  the  two  sacs  become  absorbed,  and  in  this 
way  four  or  five  slit-like  apertures  from  the  exterior  open 


Fig.  72. — Transverse  section 
through  stage  later  than  Fig.  71, 
taken  through  the  thalamence- 
phalon.  B.  Cavity  of  the  ven- 
tricle with  a dorsal  prolongation 
forming  the  pineal,  and  lateral 
prolongations  forming  the  lateral 
eyes.  Opposite  these  a thicken- 
ing in  the  epiblast  is  the  rudiment 
of  the  lens.  E.  The  enteron  sur- 
rounded by  hypoblast  cells,  with 
a dorsal  fold — the  notochord,  and 
lateral  folds — the  enterocoeles. 
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into  the  anterior  sides  of  the  enteron.  These  form  the 
gill-slits  (Fig.  73). 

While  these  important  changes  have  been  going  on  in 
the  epiblast  an  equally  important  set  of  changes  results 
in  the  formation  of  the  coelome.  The  simplest  method  of 
this  among  the  Vertebrates  consists  of  the  formation  of  a 
number  of  pairs  of  outgrowths  from  the  enteron.  These  out- 
growths or  enterocceles  are  hollow  buds  from  the  hypoblast 
(Fig.  73),  which  arise  opposite  each  other  all  along  the  length 
of  the  gut,  beginning  from  the  anterior  end.  At  the  same 
time  all  along  the  dorsal  line  of  the  enteron  opposite  and 
below  the  epiblastic  nerve  tube  there  is  formed  a fold  of 
the  hypoblastic  wall  of  the  gut.  The  lateral  buds  or  entero- 
coeles  and  the  dorsal  fold  separate  from  the  gut  at  the 
same  time.  The  walls  of  the  dorsal  fold  separate  from  the 
gut,  grow  together,  and  transform  the  fold  into  a long  solid 
rod  of  cells  lying  between  the  nerve-tube  and  the  gut.  This 
rod  of  cells  is  the  notochord  or  chorda  dorsalis,  and  is 
the  predecessor  of  the  vertebral  column.  The  enterocoelic 
pouches  meet  each  other  and  their  opposed  walls  are  then 
absorbed,  so  that  a continuous  cavity  along  the  sides  of  the 
gut  is  formed.  They  also  meet  the  pouches  of  the  opposite 
side  underneath  the  surface  of  the  gut.  Thus  there  is  formed 
a space,  the  coelome  of  the  future  animal,  folded  round  the 
gut  and  continuous  under  it,  but  not  above  it,  as  the  notochord 
lies  between  the  edges  of  its  walls.  A rough  model  of  the 
arrangement  of  these  structures  will  make  their  relations 
clearer.  Suppose  we  represent  the  gut  by  a piece  of  drain- 
pipe. A solid  cylindrical  rod  of  wood  like  the  piece  of  a 
mast  may  be  fixed  along  the  top  of  this  to  represent  the 
notochord.  Next  let  us  take  a flock  mattress  of  the  same 
length  as  the  drain-pipe  and  place  the  drain-pipe  with  the 
rod  of  wood  fixed  along  its  upper  surface  on  the  middle  of 
the  mattress  along  its  length.  Then  let  the  free  parts  of  the 
mattress  be  bent  round  the  drain-pipe  until  the  two  edges 
are  in  contact  with  each  side  of  the  rod  of  wood.  The  flock 
or  stuffing  of  the  mattress  represents  the  hollow  of  the 

coelome.  The  ticking  of  which  the  mattress  is  made  repre- 
z 


338  OUTLINES  OF  BIOLOGY 


sents  the  cellular  walls  of  the  coelome.  The  upper  surface  oi 


this  is  closely  applied  to  the 
drain-pipe  or  gut  where  it  is 
in  contact  with  the  notochord 
or  rod  of  wood.  The  upper 
surface  is  continuous  with  the 
under,  which,  however,  runs 
right  round  the  pipe,  separated 
from  the  outer  surface  by  the 
stuffing  or  coelomic  cavity, 
until  at  the  other  side  of  the 
notochord  it  again  meets  the 
upper  edge.  In  the  actual 
embryo,  however,  the  outer 
and  inner  layers  are  fused 
together  for  a short  distance 
on  each  side  of  the  notochord. 
These  fused  longitudinal  bands 
lying  on  each  side  of  the  noto 
chord  very  early  exhibit  signs 
of  segmentation,  which  is  a 
striking  character  in  the  bodies 
of  Vertebrates.  They  break 
up  into  a row  of  what  are 
called  primitive  segments,  and 


Fig.  73. — Horizontal  longitudinal 
section  through  a simple  Vertebrate 
Embryo  in  region  of  Enteron.  M. 
Invagination  of  epiblast  to  form 
mouth.  G.  Invaginations  of  epiblast 
to  form  gill-slits.  B.  Blastopore.  E. 
Enteron  lined  by  hypoblast.  The 
wall  of  the  enteron  in  front  has  lateral 
diverticula  which  run  towards  the  epi- 
blastic  gill  invaginations.  EP.  Paired 
enterocceles,  the  cavities  of  which  fuse 
to  form  the  coelome,  and  the  walls  of 
which  form  part  of  the  mesoblast. 
MES.  Mesenchyme  cells  migrating  in- 
wards from  round  walls  of  blastopore. 


from  these  are  formed  among 
other  things  all  the  trans- 
versely striped  voluntary 
muscles  of  the  body.  The 
remaining  part  of  the  wall  of 
the  coelome  remains  in  the 
adult  as  the  lining  epithelium 
of  the  body  cavity. 

These  structures  formed 


from  the  walls  of  the  entero- 

ccelic  pouches  form  a great 

part  of  the  mesoblast  or  middle  embryonic  layer  of 
brates.  But  with  it  there  come  to  be  associated 
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which  have  no  direct  connexion  with  the  enterocoele. 
First  of  all  the  sexual  cells,  those  which  give  rise  to  the 
ovary  and  to  the  testis,  in  some  cases  are  separated  from  the 
developing  ovum  before  even  the  blastosphere  stage,  and 
therefore  before  the  epiblast  and  hypoblast  become  distinct. 
In  other  cases  they  do  not  become  visible  as  separate  cells  till 
later.  In  the  Vertebrates  these  primitive  sexual  cells,  at 
whatever  time  they  be  actually  separated  from  the  other  cells, 
become  associated  with  the  mesoblast,  and  appear  as  promi- 
nent patches  of  cells  in  the  inner  wall  of  the  body  cavity  high 
up  near  the  place  where  the  outer  and  inner  walls  of  the  body 
cavity  fuse  together  to  form  the  primitive  segments. 

Next  there  is  reason  to  believe  that  the  nephridia,  out  of 
which  the  kidneys  of  Vertebrates  are  formed,  are  partly  at 
least  epiblastic  organs,  but  in  Vertebrates  the  first  appearance 
of  these  as  structures  that  can  be  identified  is  in  the  meso- 
blastic  wall  of  the  coelome  near  the  genital  cells.  So  the 
beginning  of  these  excretory  organs  is  part  of  the  mass  of 
cells  called  the  mesoblast. 

Lastly,  in  some  lower  groups  of  ccelomates  a set  of 
wandering  amoeboid  cells  liberate  themselves  from  both 
epiblast  and  hypoblast,  and  pass  between  the  coelome  and  the 
epiblast  and  hypoblast.  These  cells  give  rise  to  the  blood 
corpuscles,  to  coelomic  corpuscles  where,  as  in  the  earth- 
worm, such  exist,  to  the  blood-vessels,  and  to  the  connective 
tissue  and  skeletal  structures.  In  Vertebrates  these  wander- 
ing cells,  which  have  been  called  the  mesenchyme,  appear 
to  be  derived  chiefly  but  not  entirely  from  the  inner  layer  of 
hypoblast,  but  they  are  detached  chiefly  from  the  walls  of  the 
gastrula  around  the  lips  of  the  blastopore.  But  they  are  dis- 
tinguished by  the  fact  that  they  come  off  not  as  layers  or 
pouches  of  cells,  but  as  separate  migratory  cells  which  are 
budded  off  in  definite  places. 

_ In  the  case  of  heavily  yolk-laden  eggs,  like  those  of  birds  and 
reptiles,  a typically  gastrula  stage  is  not  passed  through. 
But  instead  a flattened  double  layered  membrane,  called  the 
blastoderm  (Fig.  74),  is  formed,  which  is  referable  in  its 
essential  features  to  a gastrula  type.  It  is  as  though  the 
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Fig.  74. — The  top  figure  represents  a transverse  section  o*  the  blastodern 
of  the  Chick.  It  shows  the  epiblast  and  hypoblast.  The  latter  is  confluent 
with  the  former  along  the  margins  of  the  blastoderm,  and  some  of  the  lowei 
layer  cells,  from  which  the  hypoblast  has  arisen,  remain  in  the  space  between 
the  two  first  germinal  layers,  to  give  rise  to  the  beginnings  of  the  tmro 

germinal  layer,  or  mesoblast.  . , . • 1 

The  middle  figure  represents  a transverse  section  through  the  primitive 
streak  of  the  Chick’s  blastoderm.  It  shows  the  origin  of  the  mesoblast  trom 
the  proliferating  epiblast  of  the  streak.  Along  the  length  of  the  pnmu .1  e 
streak  the  three  germinal  layers— epiblast,  mesoblast,  and  hypoblast  .r 
confluent.  The  streak  is  traversed  by  a primitive  groove. 

The  lowest  figure  represents  a transverse  section  through  a secona  ) 
blastoderm.  It  shows  the  origin  of  the  coelom  by  the  separation  ( sP'ul'"|  ' 
of  the  primary  single  sheet  of  mesoblast  into  somatic  and  splanchnic : • ) • 

It  also  shows  the  origin  of  the  central  nervous  system  as  a thickened  epi 
plate,  which  becomes  folded  upon  itself  along  its  JongitudmaJ  ^ 

neural  folds  meet  and  fuse  later  on  and  form  a closed  tube,  “JUast 

the  epiblast.  The  formation  of  the  gut  by  a similar  folding  of  the dJ>§  jng 
is  also  shown.  cLa.  Dorsal  aorta,  ep.  Epiblast.  g.  Can"V°Lural  7old 
gut.  hy.  Hypoblast,  me.  Mesoblast.  my.  Myotome,  primitive 

n.g.  Neural  groove,  nt.  Notochord.  P.G.  Primiti\  e groo  • • . ]a.,er  0f 

streak,  so.me.  Somatic  layer  of  mesoblast.  sp.me.  Splanchnic  lajer 
mesoblast.  w.d  Developing  Wolffian  duct. 
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epiblast  (ep)  and  hypoblast  (hy)  of  a gastrula  had  been  flat- 
tened out  and  spread  over  the  surface  of  the  large  egg.  In  a 
blastoderm  such  as  this  the  mesoblast  arises  in  three  ways  : 

(1)  from  some  of  the  earlier  cells  of  the  segmentation  before 
the  hypoblast  is  definitely  differentiated  (me,  upper  figure). 

(2)  From  the  edges  of  the  hypoblast  after  its  differentiation. 

(3)  From  a ridge  of  epiblast  (PS)  formed  at  the  posterior 
end  of  the  blastoderm  ; from  this  mesoblast  cells  (me,  middle 
figure)  are  proliferated  off  into  the  space  between  the 
hypoblast  (hy)  and  epiblast  (ep). 

This  epiblastic  ridge  becomes  confluent  with  the  adjacent 
hypoblast  beneath,  and  since  the  proliferating  mesoblast 
is  budding  off  from  it,  it  follows  that  at  this  point  all  three 
germinal  layers  are,  as  it  were,  fused  together.  Now  in  those 
developing  gastrulae,  in  which  mesoblast  develops  from  the 
edges  of  the  blastopore,  there  is  the  same  confluence  of  the 
three  germinal  layers.  We  may,  for  this  reason  and  others, 
conclude  that  the  epiblastic  ridge,  which  is  known  as  the 
primitive  streak  (PS),  represents  a closed  blastopore. 

It  is  clear,  then,  that  the  mesoblast  or  middle  layer  of 
Vertebrates  is  not  a simple  structure  like  the  hypoblast  and 
epiblast,  but  is  a condensation  of  a great  many  separate 
elements. 

From  the  three  germinal  layers  all  the  tissues  of  the  defini- 
tive organism  are  formed.  We  may  put  together  in  a tabular 
form  the  primitive  organs  of  the  embryo  and  the  structures  to 
which  these  give  rise  : — 


Spermatozoon.  Ovum. 
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* This  is  the  reticular,  non-cpithclial  portion  of  the  mcsoblast. 
t This  is  the  epithelial  portion  of  the  incsot)last. 
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Acropetal  succession,  98 
Activities  of  bacteria,  29 
Adaptation,  327 
Adipose  tissue,  285,  295 
Adventitious,  98 
Aerobic  bacilli,  27 
Alcoholic  fermentation,  20 
Alternative  characters,  72 
Amitosis,  311 
Amoeba,  47 
Amoeba,  food  of,  53 
Amoeboid  movement,  6 
Amphicoelous  vertebra,  199 
Anabolism,  15 
Anaerobic  bacilli,  27 
Anal  spot,  59 
Anaphase,  317 
Anastates,  15 
Anatomy,  271 
Animal  pole,  332 

Animals  and  plants,  differences,  89 

Anisogamy,  85 

Anterior  cardinal  sinuses,  216 

Aortic  arches,  217 

Apical  bud,  98 

Apical  meristem,  133 

Areolar  tissue,  285 

Arthrospores,  26 

Assimilation,  11,  15,  53 

Astely,  1 17 

Astral  figure,  313 

Atrium,  213 

Auditory  capsules,  201 

Axillary  buds,  98 

B 

Bacilli,  25 
Bacteria,  23 
Basipterygium,  207 


Basophil  corpuscles,  277 

Binomial  nomenclature,  49 

Blastomere,  332 

Blastopore,  153,  334 

Blastosphere,  333 

Blastula,  15 1 

Blood,  272 

Blood  corpuscles,  275 

Blood  system,  dogfish,  21 1 

Blood  system,  earthworm,  175 

Blood  system,  frog,  256 

Bone,  290,  291 

Bone  cartilage,  290 

Bone  corpuscle,  293 

Bone  membrane,  290 

Botrydium,  95 

Brain,  157,  226 

Branchial  arches,  204,  205 

Brownian  movements,  23 

Bryony,  116 

Budding,  19 

Bundle  sheath,  117 

Bursa  enteriana,  209 


C 

Calciferous  pouches,  165 
Callus,  110 
Calyptrogen,  133 
Cambium,  96,  120 
Capacity  of  response,  99 
Cardiac  fibre,  297 
Carotid  arch,  261 
Cartilage,  288 
Cartilage  bone,  197,  290 
Cell-division,  42 
Cell-growth,  42 
Cells,  animal,  135 
Cellulose,  32,  39 
Cellulose-fungus,  20 
Centra,  198 
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Centrifugal  development,  119,  132 
Centripetal  development,  119,  132 
Centrosome,  136,  313 
Cephalization,  189 
Chloragogen  cells,  164,  168 
Chlorophyll,  12 
Chlorophyll  grains,  124 
Chloroplastids,  32,  38,  124 
Chondrin,  288 
Chondrogen,  288 
Chorda  dorsalis,  337 
Choroid,  236 
Chromatin,  41,  136,  312 
Chromatophores,  32,  38 
Chromomeres,  136,  315 
Chromophyllic  masses,  308 
Chromosomes,  314,  320,  322 
CiHa,  33,  34,  58 
Ciliated  epithelium,  282 
Circulatory  system,  dogfish,  21 1 
Circulatory  system,  frog,  256 
Cladothrix,  26 
Clasmatocytes,  286 
Clitellum,  162 
Cnidoblast,  14 1 
Cocoon,  162 
Ccelenterata,  152 
Coelomata,  152,  154 
Coelome,  155,  167,  181,  337 
Collateral  bundle,  132 
Collenchyma,  106 
Columnar  epithelium,  281 
Companion  cells,  1 1 7 
Concrescence  of  Held,  310 
Condensation  of  segmentation,  22 1 
Cone  of  origin,  309 
Conjugation,  43,  50,  55,  69 
Connective  tissues,  272,  285 
Continuity  of  protoplasm,  ill 
Contractile  vacuole,  9,  6 1 
Conus  arteriosus,  213 
Cork,  107 
Cornea,  236 
Corpuscles,  blood,  275 
Cortex,  66,  115,  131 
Cranial  nerves,  dogfish,  231 
Cranial  nerves,  frog,  267 
Cubical  epithelium,  280,  281 
Cuticle,  66,  102,  126 
Cutin,  126 

Cuvierian  veins,  2x3,  216 
Cystal  residue,  81 
Cysts,  56 

Cytoplasm,  135,  313 


D 

Dallinger’s  experiments,  51 
Dark  band,  300 
Daughter  cells,  120 
Death,  1 
Dentary,  246 
Dermatogen,  133 
Desmochondria  granules,  278 
Differences  between  animals  and 
plants,  89 
Diploblastica,  152 
Directive  sphere,  137 
Diseases  produced  by  microbes,  30 
Dobie’s  line,  300 
Dogfish,  structure  of,  193 
Dorsal  pores,  163 
Ductus  Botalli,  261 


E 

Earthworm,  159 

Ectoderm  cells,  145 

Ectoplasm,  48,  66 

Egg  cells,  44 

Elasmobranchs,  193 

Elastic  tissue,  287 

Embryology,  327 

Endocyst,  80 

Endoderm  cells,  146 

Endodermis,  116 

Endoplasm,  48 

Enterocoeles,  337 

Enteron,  140,  152 

Environment  and  organism,  99,  127 

Eosinophil  corpuscles,  276 

Epiblast,  334 

Epicyst,  So 

Epidermal  tissues,  101,  115 
Epithelial  tissues,  272,  278 
Equatorial  plate,  316 
Excretion,  7,11 
Extra-cellular  lumen,  17S 
Extra-cellular  matrix,  2S4,  297 
Extra-stelar  ground  tissue,  115 
Eye,  dogfish,  236 
Eye,  frog,  269 

F 

Female  pronucleus,  325 
Femur,  frog,  252 
Ferment,  21 
Fermentation,  20,  28 
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Fibrous  cartilage,  290 
Fibrous  tissue,  286,  287 
Fins,  194,  195,  206 
First  maiotic  division,  321 
Fission,  multiplication  by,  26 
Flagella,  24,  34 

Foramina  for  nerves,  dogfish,  203 
Fore-brain,  226 
Fore-limb,  frog,  251 
Frog,  structure  of,  239 
Fundamental  tissue,  104,  271 
Fungus-cellulose,  19 

G 

Gall-bladder,  210 
Gametes,  81,  318 
Gametic  purity,  325 
Gametocytes,  80 
Ganglion  cells,  146 
Gastrula,  153,  334 
Generic,  49 

Germ-cells,  maturation  of,  319 
Germinal  layers,  329 
Germinal  spot,  136,  169 
Germinal  vesicle,  169 
Giant  fibres,  183 
Gill -arches,  201 
Golgi,  reticulum  of,  309 
Golgi,  Type  I,  310 
Golgi,  Type  II,  310 
Granular  cells,  286 
Gregarinida,  77 
Growth,  7,  11 
Guard  cells,  103,  115 

H 

Hsematochrome,  33 
Haemoglobin,  168,  273 
Hairs,  104 

Haversian  canal,  292 
Haversian  system,  291,  292 
Hensen’s  line,  300 
Hepatic  portal  vein,  217 
Flepatic  portal  vein,  dogfish,  217 
Hepatic  portal  vein  frog,  261 
Hepatic  sinus,  215 
Hermaphrodite,  185 
Fleterocercal,  195 
Heterotype  chromosome,  320 
Histology,  271 
Humerus,  251 
Hyaline  cartilage,  288 


Hyaline  corpuscles,  277 
Hydra,  139 
Hyoid  arch,  204 
Hyomandibular,  202 
Hypnocysts,  65 
Hypoblast,  334 
Hypodermis,  126 
Hypostome,  139 

I 

Immunity,  29 
Implantation  cone,  309 
Ingestion,  52 

Inoculation,  preventive,  30 
Internodes,  98 
Interstitial  cells,  146 
Intestine,  dogfish,  209 
Intestine,  frog,  255 
Intracellular  lumen,  178 
Intracellular  matrix,  284 
Intrastelar  ground  tissue,  1 1 7 
Irritability,  3,  11,  17 
Isogamy,  85 

J 

Jacobson,  anastomosis  of,  268 
Jelly  of  Wharton,  284 

K 

Karyokinesis,  31 1 
Karyolymph,  312 
Karyoplasm,  313 
Karyosomes,  313 
Katastates,  1 5 
Kidney,  189,  222,  263,  264 
Krause’s  membrane,  300 

L 

Labour,  division  of,  93 
Lamellar  cells,  286 
Lateral  plates,  342 
Leaf,  structure  of,  122 
Lens,  optic,  237,  342 
Leptothrix,  26 
Leucocytes,  275 
Leucoplastids,  125 
Light  bands,  300 
Lignin,  112 
Linin,  136,  315 
Linin  reticulum,  312 
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Liver,  dpgfish,  209,  216 
Liver,  frog,  255 
Lymph  spaces,  254 
Lymphoid  organs,  342 

M 

Macrococci,  25 
Macrocytes,  277 
Macrozooid,  34 
Maiotic  chromosomes,  320 
Maiotic  phase,  318 
Malpighian  capsule,  224 
Mantle  fibres,  314 
Marriage  cells,  80 
Mast  cells,  286 
Matrix,  284,  297 
Maturation  of  germ  cells,  3x8 
Maxilla,  245 
Meckel’s  cartilage,  247 
Medulla,  66,  121 
Medulla  oblongata,  230,  266 
Medullary  ray,  121 
Medullated  nerve  fibres,  310 
Meganucleus,  homology  of,  73 
Membrane  bone,  197,  290,  295 
Membrane  bone  of  skull,  244 
Meristem,  96 

Meristem,  apical,  119,  133 
Mesenchyme,  339,  342 
Mesenteric  artery,  219 
Mesentery,  208 
Mesoderm,  155 
Mesogloea,  145 
Mesonephros,  221,  223,  263 
Mesonephros  duct,  221 
Mesophyll,  122 
Metabolism,  13,  15 
Metamerism,  160 
Metanephric  duct,  221,  225 
Metanephros,  221-223 
Metaphase,  317 
Metapterygium,  207 
Metaxylem,  119 
Metazoa,  138,  151 
Microbes,  23 
Micrococci,  25 

Micronuclei,  homology  of,  73 
Micropyle,  331 
Microscopical  staining,  39 
Microzooid,  34 
Mitosis,  31 1 
Monocystis,  75 
Morula,  333 


Mother  cells,  120 
Mullerian  duct,  221,  263 
Multiple  epithelium,  280,  283 
Multipolar  nerve  cell,  306 
Muscle  fibrils,  299 
Muscles  of  eyeball,  236 
Muscular  tissues,  272,  297 
Myo-fibrils,  299 
Myophanic  striations,  299 

N 

Natural  selection,  129 
Nephridia,  163,  177,  182 
Nephrostome,  178 
Nervous  system,  dogfish,  226 
Nervous  system,  earthworm,  173 
Nervous  system,  frog,  265 
Nervous  tissues,  303 
Neural  arch,  198 
Neural  fold,  340 
Neurenteric  canal,  336 
Neurochondria,  308 
Neurone,  304 
Neurone  theory,  304 
Nissl  granules,  308 
Node  of  Ranvier,  310 
Nodes,  98 

Notochord,  197,  337 
Nuclear  membrane,  136 
Nuclear  sap,  136 
Nuclear  spindle,  314 
Nucleolus,  41,  49,  136 
Nucleoplasm,  136 
Nucleus,  2,  38,  49,  61,  136 

O 

Optic  capsules,  201 
Optic  chiasma,  230 
Optic  lobes,  227-265 
Osteoblasts,  291 
Osteoclasts,  291 
Ova,  44 
Ovary,  143 
Ovary,  dogfish,  223 
Ovary,  frog,  263 
Oviducts,  223,  263 
Oxyphile  corpuscles,  276 

P 

Palato-pterygoid,  204 
Palisade  layer,  122 
Pancreas,  210,  255 
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Paralinin,  312 

Pararaoecium,  65 

Parasitism,  149 

Parenchyma,  101,  104 

Pasteur’s  solution,  21 

Pectoral  girdle,  206 

Pedal  disc,  139 

Pelvic  girdle,  207 

Pcriblem,  133 

Perichondrial  bone,  290 

Perichondrium,  290 

Pericycle,  1 16,  132 

Pericycle,  heterogeneous,  116 

Pericycle,  homogeneous,  116 

Perimedullary  zone,  121 

Peristome,  61 

Peritoneum,  208 

Piliferous  layer,  131 

Pineal  body,  201 

Plants,  higher,  93 

Plants,  higher,  differentiation,  97 

Plasma,  272 

Plasmolysis,  39 

Pericardio-coelomic  canal,  208 

Phagocytes,  275 

Phloem  vessels,  109 

Plerome,  133 

Pleurococcus,  31 

Pole,  animal,  332 

Pole,  vegetative,  333 

Polynuclear  corpuscles,  276 

Portal  system,  217,  261 

Post-maiotic  phase,  318 

Pre-maiotic  phase,  318 

Primary  tissues,  272 

Primitive  sheath  of  Schwann,  310 

Primitive  streak,  341 

Primordial  utricle,  40,  105 

Pronephric  duct,  221 

Pronephros,  221 

Pronucleus,  325 

Prophase,  317 

Propterygium,  207 

Prosenchyma,  105 

Prostomium,  161 

Proteins,  3 

Protococcus,  31 

Protophyta,  16 

Protoplasm,  1,  3,  5,  6,  9,  10 

Irotoxylem,  119 

Protozoa,  16,  151 

Pseudopodia,  6,  48 

Putrefaction,  28 

Pyrenoids,  33,  38 


R 

Radial  bundle,  132 
Ranvier,  nodes  of,  310 
Red  corpuscles,  275 
Renal  system,  dogfish,  220 
Renal  system,  frog,  263 
Reproduction,  7,  n,  15,  17,  54,  62,  68 
Reproduction,  sexual,  43 
Reproduction  in  amoeba,  55 
Reproductive  system,  dogfish,  220 
Reproductive  system,  frog,  263 
Respiration,  7,  11,  15,  66 
Reticulum  of  Golgi,  309 
Root,  structure  of,  131 
Root-cap,  133 

S 

Saccharomyces,  18 
Sanio’s  law,  120 
Sarcolemma,  299 
Sarcoplasm,  301 
Sarcostyle,  301 
Schizogony,  85 
Sclerenchyma,  106 
Second  reduction  division,  321 
Segmentation,  160,  331 
Segmentation  cavity,  334 
Segregation,  72 
Seminal  funnels,  171 
Sex  mother  cells,  319 
Sexual  reproduction,  43 
Shoot,  97 
Shoot,  floral,  99 
Sieve  plates,  1 10 
Sieve  tubes,  117 

Simple  tissues,  271,  272,  280,  281 
Skull  of  dogfish,  200 
Skull  of  frog,  242 
Somites,  160 

Spermatheca,  163,  166,  173 
Spermatozoa,  45,  143,  172 
Spermoblasts,  172 
Spermospores,  172 
Sphcerophyra,  58 
Spindle  fibres,  314 
Spireme  thread,  313 
Spirillum,  26 
Spirochetes,  26 
Spirogyra,  37 
Spiromonas,  25 
Spongy  parenchyma,  122 
Sporal  residue,  82 
Spores,  19 
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Sporoblasl,  81 
Sporocyst,  82 
Sporogony,  85 
Sporozoa,  75 
Sporozoa,  Digenetic,  85 
Sporozoa,  Monogenetic,  85 
Sporozoites,  82 
Squamous  epithelium,  280 
Stele,  1 16 

Stem,  structure  of,  115 
Stomata,  102 

Stratified  epithelium,  280,  283 
Streptococci,  26 
Striated  free  border,  282 
Structural  unit,  2 
Suberin,  126 
Symbiosis,  149 
Synapse,  310 
Syncytium,  146 

T 

Telophase,  3x7 
Terminal  bars,  279 
Tessellated  epithelium,  281 
Testes,  143 
Thallus,  97 
Tigroid  bodies,  308 
Tissues,  272 
Tissues,  fiat,  95 
Tissues,  linear,  95 
Tissues,  simple,  272 
Tissues,  solid,  95 
Tissues,  stratified,  280,  283 
Torula,  18 

Transverse  process,  198 
Trigger-hair,  141 
Triploblastica,  156 
Type  I of  Golgi’s  nerve  cells,  310 
Type  II  of  Golgi’s  nerve  cells,  310 
Typhlosole,  167,  182 

V 

Vacuole,  contractile,  9,  66 
Vacuole  of  egestion,  66 
Vacuole,  food,  52,  61 
Vacuoles,  18 
Variation,  4SL31 1 
Vascular  bundles,  1 1 7 


Vascular  tissues,  101,  107,  108,  117 
Vas  deferens,  17 1 
Vas  efferens,  171,  224,  264 
Venous  system,  dogfish,  214 
Venous  system,  frog,  259 
Vertebra  of  dogfish,  198 
Vertebra  of  frog,  241 
Vertebral  column,  197,  241 
Vertebrates  and  Invertebrates,  191 
Vesicula  seminalis,  17 1,  225,  264 
Vessels,  109 
Vessels,  annular,  112 
Vessels,  bordered  pitted,  1 1 3 
Vessels,  dotted,  113 
Vessels,  scalariform,  113 
Vessels,  simple  pitted,  113 
Vessels,  spiral,  112 
Vibrio,  26 
Visceral  arches,  203 
Vitelline  membrane,  169,  331 
Vorticella,  57 

W 

Wharton,  jelly  of,  284 
White  corpuscles,  275 
White  fibro-cartilage,  290 
White  fibrous  tissue,  285,  287 
Wolffian  duct,  221,  224,  263,  264 

X 

Xylem,  117 
Xylem  fibres,  114,  11S 
Xylem,  meta,  11S 
Xylem,  primary,  11S 
Xylem,  proto,  118 
Xylem,  secondary,  11S 
Xylem  vessels,  109,  hi,  nS 

Y 

Yeast-plant,  iS 
Yellow  elastic  tissue,  287 

Z 

Zoospores,  34 
Zygospore,  43 
Zygote,  43,  Si,  236,  342 
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to  begin,  the  conditions  of  preparation,  and  the  cost  of  all  that  is  preliminary 
to  the  boy’s  earning  his  own  living. 

Precis  "Writing  and  Office  Correspondence.  By  E.  E.  Whitfield, 
M.A.  Third  Edition.  Crown  8vo,  2s.  [ Commercial  Series. 

The  subjects  dealt  with  here  are  Business  Correspondence  in  General, 
Circulars  and  Advertisements,  Sale  and  Purchase,  Carrying  Trade,  Trans-  : 
mission  of  Money,  Precis,  Civil  Service  Precis,  Commercial  Precis,  Applica- 
tion of  Precis  to  Journalism,  Application  of  Precis  to  Foreign  Languages. 

Commercial  Examination  Papers.  By  H.  de  B.  Gibbins,  Litt.D., 
M.A.  Crown  8vo,  is.  6d.  [ Commercial  Series.  \ 

A volume  of  Examination  Papers  on  Commercial  Geography,  Commercial 
History,  Book-keeping,  Business  and  Office  Work,  Commercial  French,  and 
Commercial  German. 

For  other  books  on  Commerce,  see  also  under  "French,"  “ German ," 
"Geography,"  "History,”  “ Mathematics .” 


DIVINITY 

The  First  Book  of  Kings.  Edited  by  A.  E.  Rubie,  D.D.,  Head- 
master of  Eltham  College.  With  4 Maps.  Crown  8vo,  2s. 

[Junior  School  Books. 

The  Gospel  according  to  St.  Matthew.  Edited  by  E.  W.  South, 
M.A.  With  3 Maps.  Crown  8vo,  is.  6d.  [Junior  School  Books. 

The  Gospel  according  to  St.  Mark.  Edited  by  A.  E.  Rubie,  D.D. 
With  3 Maps.  Crown  8vo,  is.  6d.  [Junior  School  Books. 

The  Gospel  according  to  St.  Luke.  Edited  by  W.  Williamson, 
B.A.  With  3 Maps.  Crown  8vo,  2s.  [Junior  School  Books. 

The  Acts  of  the  Apostles.  Edited  by  A.  E.  Rubie,  D.D.  With  3 
Maps.  Crown  8vo,  2s.  [Junior  School  Books. 

These  editions  are  designed  primarily  for  those  preparing  for  junior  ex- 
aminations such  as  the  Junior  Locals,  and  those  of  the  Joint  Board.  At  tha 
same  time  they  will  also  prove  useful  for  those  preparing  for  higher  examina- 
tions, such  as  the  Higher  Certificate.  The  editors  have  tried  to  make  the 
introduction  and  notes  as  stimulating  as  possible,  and  to  avoid  mere  * 1 cram. 


A Primer  of  the  Bible.  By  W.  H.  Bennett,  M.A.,  Professor  of  Old 
Testament  Exegesis  at  New  and  Hackney  Colleges,  London.  With  a 
concise  Bibliography.  Fifth  Edition.  Crown  Svo,  2s.  6d.  . 

This  Primer  sketches  the  history  of  the  books  which  make  up  the  Bible  in 
the  light  of  recent  criticism.  It  gives  an  account  of  their  character,  origin, 
and  composition,  as  far  as  possible  in  chronological  order,  with  special 
reference  to  their  relations  to  one  another,  and  to  the  history  of  Israel  ana 
the  Church.  P 

Old  Testament  History  for  Use  in  Schools.  By  the  Rev.  \v.  r- 
Burnside,  M.A.,  Headmaster  of  St.  Edmund’s  School,  Canterbury 

Fifth  Edition.  Crown  Svo,  3s.  6d.  ...  -tu  ap 

A Fifth  Form  textbook  written  in  the  belief  that  it  is  poss  b 
reverence  to  tradition  to  make  the  Old  Testament  a real  living  force 
religious  education. 
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Stories  from  the  Old  Testament.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  [Beginners  Books. 

These  stories  have  been  told  in  the  simple  and  dignified  words  of  the  Bible, 
with  brief  explanations  where  necessary,  and  selected  so  as  to  show  the  con- 
tinuity of  the  Divine  dealings  with  the  Hebrew  people  in  preparation  for  the 
revelation  of  the  New  Testament. 

An  attempt  has  been  made  to  avoid  the  chief  difficulty  met  with  in  teaching 
the  Old  Testament  to  children,  by  basing  these  stories  on  the  firm  founda- 
tion of  spiritual  rather  than  literal  inspiration.  It  is  hoped  that  by  showing 
that  they  are  concerned  rather  with  values  than  with  supernatural  history, 
they  may  never  have  to  be  unlearnt  or  unduly  modified  in  later  years. 

Stories  from  the  New  Testament.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  [■ Beginner's  Books. 

Arranged  in  the  form  of  consecutive  stories,  with  brief  explanations  and 
connecting  links  where  necessary,  this  volume  forms  a complete  life  of 
Christ,  together  with  an  account  of  the  Early  Church  and  the  life  of  St. 
Paul.  The  stories  are  told  almost  entirely  in  the  words  of  the  Bible,  and 
form  a companion  volume  to  "Stories  from  the  Old  Testament,”  by  the 
same  author. 

The  Student’s  Prayer  Book.  The  Text  of  Morning  and  Evening 
Prayer  and  Litany.  By  W.  H.  Flecker,  M.A.,  D.C.L.,  Head- 
master of  the  Dean  Close  School,  Cheltenham.  With  Notes.  Crown 
8vo,  2s.  6d. 

An  edition  arranged  for  the  Local  Examinations.  The  Notes  are  at  the  foot 
of  the  page,  and  so  arranged  that  they  are  on  the  same  page  as  the  text  to  which 
they  refer,  thus  avoiding  the  necessity  of  constantly  turning  over  the  pages. 

An  English  Church  History  for  Children.  By  Mary  E.  Shipley. 
With  a Preface  by  William  E.  Collins,  D.D.,  late  Bishop  of  Gibraltar. 
Three  Volumes,  crown  8vo,  2s.  6d.  net  each. 

Vol.  I.,  a.d.  597-1066,  with  12  Illustrations  and  3 Maps. 

Vol.  II.,  a.d.  1066-1500,  with  12  Illustrations  and  1 Map. 

Vol.  III.,  a.d.  1500-1911,  with  Maps  and  12  Illustrations. 

“This  instructive  little  book  is  very  well  written,  and  furnished  with  a 
good  index,  and  rendered  attractive  by  beautiful  illustrations.” — Record. 


DOMESTIC  SCIENCE 


Millinery,  Theoretical  and  Practical.  By  Clare  Hill  Fifth 

Edition.  Crown  8vo,2s.  {Textbooks  of  Technology. 

A treatise,  concise  and  simple,  containing  all  required  for  the  City  and 
Guilds  of  London  Examination,  and  providing  a suitable  course  for  evening 


1 C°oke?y-  By  A.  P.  Thompson,  Instructress  to  the 
London  County  Council.  With  io  Illustrations.  Crown  Svo,  2s.  6d. 

demo'nstraf 1 Syl'abuS  and  the 

demonstration  are  discussed  at  some  length. 

H°Twn  smake  h DreSS-  By  J-  A-  E-  WooD-  Fifth  Edition. 
Crown  8vo,  is.  6d.  [ Textbooks  of  Technology. 
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Grammar,  Dictation,  and  Composition 

A First  Course  in  English.  By  W.  S.  Beard.  Crown  8vo,  is.  6d. 

[Beginner' s Books. 

This  book  is  a working  class-book  in  English  for  the  Lower  Forms  of 
Secondary  Schools  and  pupils  in  Primary  Schools.  First,  it  provides,  side 
by  side,  a progressive  course  in  analysis  and  elementary  composition ; the 
use  of  words  and  their  relation  to  each  other  in  sentences.  The  exercises 
for  practice  are  very  numerous,  varied,  and  carefully  graduated  ; many 
exercises  are  adapted  for  oral  composition.  Second,  it  provides  a textbook 
of  the  leading  principles  of  grammar — accidence  and  elementary  syntax — 
which  will  enable  young  pupils  to  apply  these  principles  intelligently,  step 
by  step,  to  practical  work  in  analysis  and  parsing.  The  book  is  specially 
suitable  as  an  introductory  course  to  "A  Junior  English  Grammar,"  by 
W.  Williamson.  Sets  of  Examination  Questions  are  included  which  will 
furnish  useful  preparation  for  the  Oxford  and  Cambridge  Preliminary  and 
the  College  of  Preceptors  Examinations ; also  for  pupils  in  Primary  Schools 
preparing  for  County  Council  Scholarships. 

A Junior  English  Grammar.  By  W.  Williamson,  B.A.  With 
numerous  passages  for  Parsing  and  Analysis,  and  a chapter  on  Essay 
Writing.  Fourth  Edition.  Crown  8vo,  2s.  [Junior  School  Books. 

In  this  book  the  author,  while  following  the  lines  usually  adopted,  restates 
many  of  the  Definitions,  reducing  their  number  as  far  as  possible.  He  en- 
deavours to  simplify  the  classification  of  the  parts  of  speech,  and  pays 
considerable  attention  to  the  Gerund.  To  give  freshness  and  a sense  of 
reality  to  the  subject,  the  examples  in  illustration  of  rules  are  taken  from  the 
everyday  life  of  young  people. 

Junior  English.  By  F.  J.  Rahtz,  M.A.,  B.Sc.,  Senior  Lecturer  at 
Merchant  Venturers’  Technical  College,  Bristol.  Sixth  Edition. 
Crown  8vo,  is.  6d. 

This  book  is  intended  for  the  Lower  Forms  of  Secondary  Schools.  It 
deals  with  Grammar,  the  Construction  of  Phrase  and  Sentence,  Analysis, 
Parsing,  Expansion,  Condensation,  Composition,  and  Paraphrasing,  and 
many  other  Exercises  in  the  use  of  English.  The  Questions  and  Exercises 
are  numerous  and  varied. 


Higher  English.  By  F.  J.  Rahtz,  M.A.,  B.Sc.  Sixth  Edition. 
Crown  8vo,  3s.  6d. 

This  book  provides  a much-needed  course  in  the  study  of  modern  English, 
suitable  for  pupils  in  the  Upper  Forms  of  Secondary  Schools.  Examination 
Papers  set  recently  at  London  University  are  added. 

English  Composition.  By  F.  J.  Rahtz,  M.A.,  B.Sc.  Crown  8vo, 


is.  6d.  . 

This  work  is  intended  for  pupils  of  Secondary  Schools  and  private  students. 
It  supplies  a progressive  course  in  English  composition,  embracing  not  only 
essays  and  letters  but  also  other  important  and  useful  work  in  wnting 
English.  Numerous  and  varied  exercises  are  appended  to  each  chapter, 
while  questions  and  shorter  exercises,  many  of  which  may  be  used  orally, 
are  introduced  in  the  text.  The  importance  of  connecting  the  students 
composition  with  his  reading  has  been  borne  in  mind  throughout. 

English  Composition  from  Models.  By  C.  Rooney,  B.A.,  LL.B. 

Crown  8vo,  2s.  6d.  , . f 

This  book  is  an  attempt  to  apply  the  Direct  Method  to  the  teaching 
English  Composition.  The  models  range  from  Bacon  to  Stevenson,  and 
extracts,  which  have  been  carefully  selected,  are  calculated  to  interest  sen 
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students.  Emphasis  is  laid  on  the  fact  that  to  write  we  must  read,  and  that 
to  read  with  profit  we  must  be  interested.  “All  literary  skill  is  based  upon 
imitation.”  The  book  deals  in  an  interesting  way  with  certain  inherent 
difficulties,  and  has  useful  hints  as  to  how  the  literary  taste  of  young  people 
may  be  developed  and  guided.  It  is  the  work  of  a practical  teacher. 

A Class-Book  of  Easy  Dictation  and  Spelling.  Selected  by  W. 
Williamson,  B.A.  Ninth  Edition.  Fcap.  8vo,  is. 


This  book  contains  many  interesting  passages  from  English  classics  chosen 
on  account  of  the  large  number  of  everyday  words  which  they  contain. 

A Class-Book  of  Dictation  Passages.  Selected  by  W.  Williamson, 
B.A.  Sixteenth  Edition.  Crown  8vo,  is.  6d.  f Junior  School  Books. 

160  passages  chosen  from  a wide  field  of  modern  literature  on  account  of 
the  large  number  of  words  they  contain. 

Junior  English.  Examination  Papers.  By  W.  Williamson,  B.A. 
Second  Edition.  Fcap.  8vo,  is.  [ Junior  Examination  Series. 

This  book  contains  Seventy-two  Papers  of  Ten  Questions  each,  and  will 
be  found  to  meet  the  requirements  of  all  the  Examinations  in  English  usually 
taken  in  Schools  up  to  the  “Senior  Locals.” 


Literature 

English  Literature  for  Schools.  By  E.  E.  Firth,  History  Mistress 
at  the  High  School,  Croydon,  Author  of  “A  First  Llistory  of  Greece.” 
With  4 Maps.  Crown  8vo,  2s.  6d.  {Junior  School  Books. 

This  excellent  Introduction  to  English  Literature  has  five  special 
features  : — (i)  By  comparison  the  style  and  importance  of  the  various  writers 
are  shown.  (2)  Many  illustrations  of  their  works  help  the  reader  to  a know- 
ledge of  the  great  writers..  (3)  Difficulties  are  explained  by  footnotes.  {4) 
Short  summaries  of  the  chief  historical  events  are  given  with  explanations  of 
the  political,  social,  and  religious  tendencies  of  the  times.  Thus  the  reader 
realises  that  all  great  writers  are  representative  of  their  generation,  (c) 
Useful  Maps  have  been  included,  which  show  the  local  environment  of  the 
great  writers. 


{Beginner  s Books. 


A Short  Story  of  English  Literature.  By  Emma  S.  Mellows. 

f.rown  Xvn  fir! 


English  Literature.  By  F.  J.  Rahtz,  M.A.,  B.Sc.  Crown  8vo, 
2s.  od.  ’ 


an  excellent 
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Selections  from  English  Literature.  Vol.  I.  (1350-1700).  By  F.  J. 
Rahtz,  M.A.,  B.Sc.  Crown  8vo,  2s. 

It  is  important  for  the  student  to  have  a first  hand  acquaintance  with 
the  authors  themselves  beyond  what  may  be  obtained  from  the  brief 
extracts  given  in  the  English  Literature  above  described.  For  this  purpose 
two  volumes  of  Selections,  uniform  with  the  “English  Literature,"  have 
been  prepared.  The  present  volume  covers  the  period  from  1350  to  1700. 
Extracts  are  given  from  prose,  poetry,  and  the  drama.  In  dealing  with 
verse,  complete  poems  have  been  given  where  space  would  permit ; and 
in  the  case  of  the  drama,  prose,  and  longer  poems,  the  extracts  are  such 
as  should  be  intelligible  by  themselves  or  with  the  aid  of  brief  prefatory  notes. 
As  a rule,  the  space  devoted  to  an  author  is  in  proportion  to  his  importance. 

Selections  from  English  Literature.  Vol.  II.  (1700-1900).  By 
H.  N.  Asman,  M.A.,  B.D.,  Second  Master  of  Owen’s  School, 
Islington.  Crown  8vo,  2s. 

This  is  the  second  of  two  volumes  of  selections  that  have  been  prepared 
for  use  with  “ English  Literature,"  by  F.  J.  Rahtz,  M.A,  B.Sc. 

The  period  covered  is  1700  to  the  present  day.  The  extracts  from  prose, 
poetry,  and  drama  have  been  chosen  to  illustrate  the  various  aspects  of  the 
work  of  the  leading  authors,  and  the  general  development  of  the  literature 
of  the  period.  Care  has  been  taken  that  the  selections  should  all  be 
thoroughly  worth  studying. 

The  Story  of  Milton’s  “Paradise  Lost.”  Narrated  for  the  most 
part  in  the  actual  words  of  the  Poet.  Arranged  by  George  Carter, 
M.A.,  Headmaster  of  New  College  School,  Oxford.  Crown  8vo,  is.  6d. 

The  main  feature  of  this  book  is  that  the  story  of  “Paradise  Lost"  is 
narrated  for  the  most  part  in  the  actual  words  of  the  poet,  but  where  this 
was  found  to  be  impracticable,  short  original  passages  are  introduced  to 
preserve  the  continuity  of  the  story.  Most  of  the  classical  and  other 
allusions,  which  contribute  little  or  nothing  to  the  development  of  the  story, 
are  omitted.  Concise  footnotes  are  added  to  explain  difficult  or  obsolete 
words. 

The  book  is  prefaced  with  a “Short  Sketch  of  the  Life  and  Works  of 
Milton,”  and  a Synopsis  of  “ Paradise  Lost"  is  also  added. 


An  Easy  Poetry  Book.  Selected  and  Arranged  by  W.  Williamson, 
B.A.  Second  Edition.  Crown  Svo,  is.  [Beginner's  Books. 

A little  book  for  pupils  of  twelve  or  thereabouts.  It  is  believed  that  all 
the  selections  are  good  as  poetry,  healthy  and  invigorating  in  thought,  and 
suited  to  the  capacity  of  beginners. 

Ballads  of  the  Brave : Poems  of  Chivalry,  Enterprise,  Courage,  and 
Constancy.  From  the  Earliest  Times  to  the  Present  Day.  By 
F.  Langbridge,  M.A.,  D.Litt.,  Canon  of  St.  Munchin’s,  St.  Mary’s 
Cathedral,  Limerick.  Fourth  and  Revised  Edition,  with  Notes.  Crown 
8vo,  3s.  6d. 

In  this  new  edition  Canon  Langbridge  has  replaced  all  outworn  matter  by 
new  poems,  carrying  the  story  and  the  interest  down  to  the  present  hour. 
In  addition  to  the  best  chivalric  verse  of  Scott,  Byron,  Campbell,  Keats, 
Tennyson,  Browning,  Macaulay,  Aytoun,  Kingsley,  William  Morris, 
Sir  F.  Hastings  Doyle,  the  edition  includes  many  copyright  poems  in  praise 
of  gallant  thought  or  gallant  deeds  by  the  Poe't  Laureate,  Watts-Dunton, 
George  Barlow,  Conan  Doyle,  Owen  Seaman,  Kipling,  Newbolt,  Noyes. 
It  is  a book  for  all  who  love  and  are  proud  of  England,  for  all  who  love 
chivalry,  adventure,  and  gallant  pastime;  pre-eminently,  it  is  a book  for 
high-spirited  boys.  It  begins  with  the  “Siege  of  Troy  " and  ends  with  a 
“Song  of  Federation,"  a call  to  the  Boy  Scouts,  and  England  s claim  to 
wield  for  ever  “The  Sceptre  of  the  Sea."  Careful  notes,  historical,  critical, 
philological,  are  given  separately  from  the  text. 
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Readers 

The  Rose  Reader.  By  Edward  Rose.  With  numerous  Illustrations, 
some  of  which  are  Coloured.  Crown  8vo,  2s.  6d.  And  in  Four  Parts. 
Parts  I.  and  II.,  6d.  each  ; Part  III.,  8d.  ; Part  IV.,  iod.  Introduction 
for  the  Teacher  separately,  6d. 

A reader  on  a new  and  original  plan . The  distinctive  feature  of  this  book  is  the 
entire  avoidance  of  irregularly-spelt  words  until  the  pupil  has  mastered  reading. 

Tommy  Smith’s  Animals.  By  Edmund  Selous.  With  8 Illus- 
trations by  G.  W.  Ord.  Eleventh  Edition.  Fcap.  8vo,  is.  6d. 

This  new  and  charming  continuous  reader,  besides  inculcating  kindness 
to  animals,  conveys  much  natural  history  information.  The  animals  dealt 
with  are — frog,  toad,  rook,  rat,  hare,  grass-snake,  adder,  peewit,  mole, 
woodpigeon,  squirrel,  barn-owl. 

An  edition  in  a superior  binding,  suitable  for  prizes,  is  also  issued  at  2s.  6d. 

Tommy  Smith’s  Other  Animals.  By  Edmund  Selous.  With  12 
Illustrations  by  Augusta  Guest.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

Uniform  with  the  above.  The  animals  dealt  with  are — rabbit,  nightjar, 
weasel,  blackbird,  thrush,  hedgehog,  dabchick,  moorhen,  woodpecker,  fox, 
cuckoo,  watervole. 

An  edition  in  a superior  binding,  suitable  for  prizes,  is  also  issued  at  2s.  6d. 

Health  Readings  for  Elementary  Schools.  Vol.  I.  By  C.  J.  Thomas, 
M.B.,  B.Sc.,  D. P.H.,  University  Scholar  in  Medicine,  Member  of  the 
Examining  Board  of  the  Royal  Sanitary  Institute.  Crown  8vo,  is.  6d. 

The  first  volume  of  a new  series  of  Health  Readers  written  in  accord- 
ance with  the  recommendations  of  the  Board  of  Education.  It  treats  the 
subject  in  a simple  way  as  a part  of  Nature  Study,  and  deals  with 
questions  of  health  from  the  point  of  view  of  the  natural  interests  of  the 
child  in  his  surroundings. 

Health  Readings  for  Elementary  Schools.  Vol.  II.  By  C.  T. 
Thomas,  M.B.,  B.Sc.,  D.P.H.  Crown  8vo,  is.  6d. 

Uniform  with  the  above.  Vol.  I.  has  dealt  with  the  simple  rules  of 
healthy  living.  The  second  volume  treats  in  fuller  detail  with  the  mechan- 
isms of  life  and  gives  a rational  basis  for  the  laws  of  health  which  have 
already  been  presented. 

A Health  and  Temperance  Reader.  By  H.  Major,  B.A.,  B.Sc., 
Inspector  to  the  Leicester  Education  Committee.  Crown  8vo,  is. 

In  diction  and  style  suitable  for  children  in  Standards  V.,  VI.,  and  VII. 
in  Elementary  Schools. 

The  Baring-Gould  Selection  Reader.  By  S.  Baring-Gould,  M.A. 
Arranged  by  G.  H.  Rose.  With  15  Illustrations  and  a Map.  Crown 
8vo,  is.  6d. 

The  Baring-Gould  Continuous  Reader.  By  S.  Baring-Gould, 
M.A.  Arranged  by  G.  Ii.  Rose.  With  5 Illustrations  and  a Map. 
Crown  8vo,  is.  6d. 

Two  readers  for  Upper  Standards,  from  the  novels  and  topographical 
works  of  Mr.  Baring-Gould.  rot' 

A London  Reader  for  Young  Citizens.  [See  under  “ Civics .” 


.,J°  further  Readers  see  Messrs.  Methuen’s  Stories,  in  the  following  Series, 
btories  from  the  Histones,"  “Stories  from  Old  Romance,"  “Stories  from 
the  Great  Writers,  “The  Beginner's  Books,"  "New  Historical  Series.”  They 
cover  a wide  ground,  avoid  hackneyed  material,  and  aim  at  a high  standard  o'f 
style  and  treatment,  so  that  they  may  be  used  by  Secondary  Schools  and  the 
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Upper  Standards  of  Elementary  Schools.  The  Volumes  are  is.  6d.  each  (with 

one  exception)  and  include  the  following  : — 

Stories  from  Ancient  History.  By  E.  Bowyer. 

Stories  from  Modern  History.  By  E.  M.  Wilmot-Buxton. 

Stories  from  Homan  History.  By  E.  M.  Wilmot-Buxton. 

Easy  Stories  from  English  History.  By  E.  M.  Wilmot-Buxton,  is. 

Stories  from  French.  History.  By  Taylor  Dyson. 

Tales  from  Irish  History.  By  Alice  Birkhead. 

Stories  from  Old  French  Romance.  By  E.  M.  Wilmot-Buxton. 

Stories  from  Old  Italian  Romance.  By  Susan  Cunnington. 

Stories  from  Old  English  Romance.  By  Joyce  Pollard. 

Stories  from  Dickens.  By  Joyce  Cobb. 

Stories  from  Bunyan.  By  Edith  L.  Elias. 

Stories  from  Chaucer.  By  Ada  IIales. 

Stories  from  the  Earthly  Paradise.  By  Edith  L.  Elias. 

Stories  from  the  Old  Testament.  By  E.  M.  Wilmot-Buxton. 

Stories  from  the  New  Testament.  By  E.  M.  Wilmot-Buxton. 

FRENCH 
Grammars,  etc. 

A First  Year  Intuitive  French.  By  M.  Verdon,  Modem  Language 
Master  at  Rotherham  Grammar  School.  Crown  8vo,  2s. 

This  book  is  intended  for  children  between  the  ages  of  twelve  and  fourteen 
in  Secondary  Schools.  It  aims  at  teaching  elementary  French  according  to 
the  “New"  or  “Direct"  Method,  and  follows  the  lines  of  moderate  Re- 
formers. It  is  divided  into  thirty-six  lessons,  providing  ample  material  for  a 
whole  year’s  work.  Each  lesson,  with  the  exception  of  a few  made  of  songs 
and  rhymes,  consists  of  a reading  piece,  which  is  the  r6sum6  of  several  con- 
versation lessons,  drill  exercises  for  oral  practice,  questions  and  written 
exercises.  The  latter  form  an  Introduction  to  free  composition  in  French. 
The  grammar  evolved  from  each  piece  is  systematically  given  in  another 
part  of  the  book.  Its  vocabulary  of  about  eleven  hundred  words  is  simple, 
practical  and  useful. 

A Junior  French  Grammar.  By  L.  A.  Sornet  and  M.  J.  Acatos. 
Modern  Language  Masters  at  King  Edward’s  School,  Birmingham. 
Third  Edition,  Revised.  Crown  8vo,  2s.  [Junior  School  Books. 

This  book  comprises  a complete  course  of  French  Grammar,  with 
Exercises  and  Examination  Papers  suitable  for  candidates  preparing  for  the 
Oxford  and  Cambridge  Local  and  College  of  Preceptors’  Examinations.  It 
also  includes  numerous  Vocabularies  and  materials  for  Conversation  Lessons. 

NouveUe  Grammaire  Frangaise,  l’usage  des  ecoles  Anglaises.  By 
J.  G.  Anderson,  B.A.,  Examiner  to  London  University.  Cr.  Svo,  2s. 

A textbook  for  Middle  and  Higher  Forms,  written  in  French,  with  the 
exception  of  a long  introduction  on  Phonetics.  Emphasis  is  laid  on  points 
where  English  and  French  differ.  The  conjugation  of  the  verb  is  simplified, 
and  there  are  many  other  special  features. 

Exercices  de  Grammaire  Frangaise.  By  J.  G.  Anderson,  B.A., 
Crown  Svo,  is.  6d. 

This  book  of  exercises  is  primarily  intended  as  a companion  volume  to 
the  “ Nouvelle  Grammaire  Franfaise,”  but  there  is  no  reason  why  it  should 
not  be  used  in  conjunction  with  any  grammar.  These  books  cover  all  the 
ground  for  the  London  Matriculation. 
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A Junior  French  Prose.  By  R.  R.  N.  Baron,  M.A.,  Modem 
Language  Master  at  Cheltenham  Grammar  School.  Fourth  Edition. 
Crown  8vo,  2s.  [Junior  School  Books. 

This  book  has  been  written  for  pupils  beginning  continuous  French  Prose. 
It  contains  : (i)  Examples  and  Rules  in  Syntax.  These  are  not  professedly 
exhaustive,  but  deal  rather  with  points  in  which  the  two  languages  are  seen 
to  differ ; and,  as  they  deal  with  such  points  occurring  in  over  a hundred 
passages  and  exercises,  it  is  hoped  they  may  be  found  sufficiently  complete- 
for  the  general  purposes  at  which  the  book  aims.  (2)  Exercises  in  every- 
day language,  illustrative  of  the  rules.  (3)  Graduated  continuous  passages. 

French  Prose  Composition.  By  R.  R.  N.  Baron,  M.A.,  Fourth 
Edition.  Crown  8vo,  2s.  6d.  Key,  3s.  net. 

A collection  of  passages  from  standard  English  authors  for  composition 
in  Upper  Forms  and  by  Army  Candidates;  Notes  and  Vocabularies  are 
provided. 

French  and  English  Parallels.  By  F.  R.  M.  Fursdon.  Fcap, 
8vo,  3s.  6d.  net. 

The  first  part  of  this  volume  consists  of  a selection  of  French  and  English 
idiomatical  phrases  and  idioms,  and  the  second  of  over  a thousand  examples 
of  French  and  English  metaphors.  The  third  section  is  an  interwoven 
sequence  of  ideas,  expressed  by  means  of  some  of  the  most  beautiful  maxims 
and  proverbs  of  both  languages. 

Junior  French  Examination  Papers,  in  Miscellaneous  Grammar  and 
Idioms,  By  F.  Jacob,  M.A.,  Assistant  Master  at  Felsted  School. 
Third  Edition.  Fcap.  8vo,  is.  Junior  Exaniination  Series. 

A collection  of  72  papers  of  ten  questions  each  suitable  for  class  teaching 
and  revision  work  for  the  Local  and  similar  Examinations. 


A Manual  of  French  Commercial  Correspondence.  By  S.  E. 
Bally.  With  Vocabulary.  Fourth  Edition.  Crown  8vo,  2s. 

[Commercial  Series. 

This  book  provides  the  student  with  materials  for  French  correspondence. 
Almost  every  paragraph  has  been  taken  from  actual  letters. 


A French  Commercial  Reader.  By  S.  E.  Bally.  With  Vocabulary. 
Second  Edition.  Crown  8vo,  2s.  [Commercial  Series. 

A series  of  extracts  chosen  from  the  best  sources,  containing  an  unusually 
large  number  of  business  terms.  J 


By  A.  M.  M.  Stedman,  M.A. 

Steps  to  French.  Ninth  Edition.  i8mo,  8d. 

One  of  the  easiest  French  books  in  existence.  Contains  both  grammar 
and  exercises.  6 

First  French  Lessons.  Tenth  Edition.  Crown  8vo,  is. 

. ,A  short  course  for  beginners  written  to  make  a boy’s  knowledge  of  Latin 
help  his  French. 

Easy  French  Passages  for  Unseen  Translations.  Sixth  Edition 
Fcap.  8vo,  is.  6d. 

Many  of  the  passages  have  been  actually  set  at  the  Local,  Public  School, 
and  Naval  and  Military  Examinations.  Some  of  the  most  charming  French 
lyrics  are  included.  ® 

Easy  French  Exercises  on  Elementary  Syntax.  With  Voca- 
bulary.  Fourth  Edition.  Crown  8vo,  2s.  6d.  Key.  as  net 

These  exercises  are  for  pupils  who  have  mastered  their  accidence  and' 
require  a more  advanced  book  to  accompany  their  Syntax.  accldel  a Q 
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French  Vocabularies  for  Repetition:  Arranged  according  to  Sub- 
jects. Fourteenth  Edition.  Fcap.  8vo,  is. 

A collection  of  upwards  of  2000  words  arranged  in  sets  of  12  each,  accord- 
ing to  the  subject. 

French  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  Fifteenth  Edition.  Crown  8vo,  2s.  6d.  Key  (Sixth  Edition), 
issued  to  Tutors  and  Private  Students  only,  6s.  net. 

These  Papers  have  been  compiled  for  those  who  have  passed  beyond  the 
Elementary  Stages  of  Grammar.  They  cover  the  whole  of  the  ground 
usually  taught. 


Texts 

Easy  French  Rhymes.  By  Henri  Blouet.  Illustrated*  Second 
Edition.  Fcap.  8vo,  is.  [ Beginner's  Books. 

This  little  book,  containing  the  time-honoured  English  nursery  rhymes 
translated  into  French  rhyme,  will  supply  children  with  a fairly  extensive 
and  easily  acquired  vocabulary  of  French  words.  The  English  and  French 
versions  are  given  on  opposite  pages. 

Simplified  French  Texts 

Edited  by  T.  R.  N.  Crofts,  M.A., 

Headmaster  of  Roan  School,  Greenwich. 

This  Series,  consisting  of  16  volumes,  provides  pupils  who  have  been  study- 
ing French  about  two  or  three  years  with  simple  translation  books  which  they  can 
understand,  and  at  the  same  time  complete  stories,  instead  of  a succession  of 
little  anecdotes.  It  thus  makes  possible  the  more  rapid  reading  of  a greater 
variety  of  authors.  Vocabularies  have  been  added,  in  which  the  chief  idioms  are 
explained.  Each  volume  is  Fcap.  8vo,  is. 

L’Equipage  de  la  Belle-Nivernaise.  By  Alphonse  Daddet. 
Adapted  from  “La  Belle-Nivernaise,”  by  T.  R.  N.  Crofts,  M.A. 
Third  Edition. 

L’Histoire  de  Pierre  et  Camille.  By  Alfred  de  Musset.  Adapted 
from  “Pierre  et  Camille,”  by  J.  B.  Patterson,  M.A.,  Modern 
Language  Master  at  Merchant  Taylors’  School,  London. 

Memoires  de  Cadichon.  By  Madame  de  S£gur.  Adapted  from 
“ Memoires  d’un  Ane,”  by  J.  F.  Rhoades,  Modern  Language  Master  at 
Fettes  College,  Edinburgh. 

L’Histoire  d’une  Tulipe.  By  Alexandre  Dumas.  Adapted  from 
“ La  Tulipe  Noire,”  by  T.  R.  N.  Crofts,  M.A.  Third  Edition. 

La  Bouillie  au  Miel.  By  Alexandre  Dumas.  Adapted  from  “La 
Bouillie  de  la  Comtesse  Berthe,”  by  P.  B.  Ingham,  B.A.,  Modern 
Language  Master  at  Merchant  Taylors’  School,  London. 

Edmond  Dantes.  By  Alexandre  Dumas.  Adapted  from  “ Monte 
Cristo,”  by  M.  Ceppi,  Head  Modern  Language  Master  at  King’s 
College  School,  Wimbledon. 

D’Ajaccio  a Sainte-Hdlbne.  By  Alexandre  Dumas.  Adapted  from 
“ Napoleon,”  by  F.  W.  M.  Draper,  Modern  Language  Master,  City  of 
London  School. 

M.  de  Beaufort  a Vincennes.  By  Alexandre  Dumas.  Adapted 
from  “ Vingt  Ans  Apres  ” by  P.  B.  Ingham,  B.A. 
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Le  Docteur  Matheus.  By  Erckmann-Chatrian.  Adapted  from 
“L’lllustre  Docteur  Matheus,”  by  W.  P.  Fuller,  M.A.,  Headmaster 
of  the  Holborn  Estate  Grammar  School,  London. 

Le  Conscrit  de  1813.  By  Erckmann-Chatrian.  Adapted  from 
“ L’Histoire  d’un  Conscrit,”  by  H.  Rieu,  M.A.,  Modem  Language 
Master  at  Merchant  Taylors’  School,  London. 

La  Bataille  de  Waterloo.  By  Erckmann-Chatrian.  A Sequel  to 
the  above.  Adapted  from  “Waterloo,”  by  G.  H.  Evans,  M.A., 
Modern  Language  Master  at  Oundle  School. 

Jean  Valjean.  By  Victor  Hugo.  Adapted  from  “Les  Miserables,” 
by  F.  W.  M.  Draper,  M.A,  Modern  Language  Master  at  Kings 
College  School,  Wimbledon. 

Abdallah.  By  Edouard  Laboulaye.  Adapted  from  “Abdallah,  ou 
le  trefie  a quatre  feuilles,”  by  Mrs.  J.  A.  Wilson. 

Deux  Contes.  By  P.  M£rim£e.  Adapted  from  “Mateo  Falcone”  and 
“Tamango,”  by  J.  F.  Rhoades. 

La  Chanson  de  Roland.  Adapted  by  H.  Rieu,  M.A.  Second 
Edition. 

Remy,  Le  Chevrier.  By  Emile  Souvestre.  Adapted  from  “Le 
Chevrier  de  Lorraine,”  by  E.  E.  Chottin,  B.-es-L.,  Modem  Language 
Master  at  St.  Laurence  College,  Ramsgate. 

Advanced  French  Texts 

Edited  by  T.  R.  N.  Crofts,  M.A. 

Headmaster  of  Roan  School,  Greenwich. 

This  series  aims  at  supplying  translation  books  for  fairly  rapid  class-reading 

among  pupils  who  have  already  been  through  some  of  the  volumes  in  the 

Simplified  Texts,  or  who  have  acquired  a good  working  knowledge  of  elementary 

French.  The  first  volumes  are  : — 

Bernard  de  Mergy.  By  P.  M£rim£e.  Adapted  by  P.  B.  Ingham, 
B.A.,  Assistant  Master  at  Merchant  Taylors’  School.  Crown  8vo,  2s. 

This  is  a condensation  of  Prosper  Merim^e’s  one  historical  novel, 
“ Chronique  du  Regne  de  Charles  IX.,"  considered  the  best  of  its  type  in 
the  French  language.  Passages  have  been  omitted,  but  no  changes  have 
been  made  in  the  text. 

Ursus  et  sa  Troupe.  Adapted  from  “L’Homme  qui  Rit,”  of  Victor 
Hugo,  by  Em.  B.  Le  Franqois,  French  Tutor  at  Redcliff  House, 
Clifton,  and  Wolsey  Hall,  Oxford.  Crown  8vo,  2s. 

A complete  and  exciting  story,  divided  into  twenty  chapters.  Each 
chapter  becomes  a theme  for  conversation,  by  means  of  questions  based  upon 
it.  There  is  a vocabulary  of  difficult  words  and  idiomatic  expressions. 

GENERAL  INFORMATION 

General  Knowledge  Examination  Papers.  By  A.  M.  M. 

Stedman,  M.A.  Seventh  Edition.  Crown  8vo,  2s.  6d.  Key  (Fourth 
Edition),  issued  to  Tutors  and  Private  Students  only,  7s.  net. 

[ School  Examination  Series. 

Compiled  to  furnish  practice  for  those  who  are  preparing  for  Scholarships 
at  the  Public  Schools  and  at  the  Universities.  This  edition  has  been  care- 
fully revised  and  brought  up  to  date  by  Mr.  C.  G.  Botting,  B.A.,  and  a 
number  of  new  questions  have  been  added. 
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Junior  General  Information  Papers.  By  W.  S.  Beard.  Fcap. 
8vo,  is.  Key,  3s.  6d.  net.  [Junior  Examination  Series. 

An  easier  book  on  the  same  lines  as  Stedman’s  ‘‘General  Knowledge 
Examination  Papers."  It  will  be  found  suitable  for  the  Junior  Examinations 
and  Candidates  for  County  Scholarships. 


This  series  provides  for  a study  of  the  Geography  of  the  World  on  logical 
lines  as  recommended  by  the  Board  of  Education.  It  is  intended  for  those  who 
have  passed  beyond  the  elementary  stages  of  the  subject  and  wish  to  acquire 
a more  detailed  and  advanced  knowledge.  Emphasis  is  placed  on  the  distinctive 
character  of  the  natural  regions  by  a consideration  of  geological  structure  and  its 
bearing  on  physical  features,  and  again  constant  reference  is  made  to  the  causal 
connection  between  the  facts  of  physical  and  political  geography.  The  books 
will  be  found  suitable  for  use  in  the  Middle  and  Upper  Forms  of  Secondary 
Schools  and  for  all  who  wish  to  prepare  for  the  Oxford  and  Cambridge  Local, 
the  London  Matriculation,  and  similar  examinations. 

A Systematic  Geography  of  the  British  Isles.  With  13  Diagrams 
and  Maps.  Crown  8vo,  is. 

A Systematic  Geography  of  Europe.  With  5 Diagrams  and  Maps. 
Crown  8vo,  is. 

A Systematic  Geography  of  Asia.  With  8 Diagrams  and  Maps. 
Crown  8vo,  is. 

A Systematic  Geography  of  America.  With  10  Maps  and  Diagrams. 
Crown  Svo,  is. 

A Systematic  Geography  of  Africa,  Australia,  and  Polynesia. 
With  Maps  and  Diagrams.  Crown  8vo,  is. 


By  Road  and  River.  A Descriptive  Geography  of  the  British  Isles. 
By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With  12  Illustrations  and 
12  Maps.  Crown  8vo,  2s. 

Suitable  for  children  in  the  Lower  Fonns  of  all  grades  of  schools.  It  aims 
at  making  them  familiar  with  the  scenery  and  most  striking  features,  political, 
historical,  and  literary,  of  their  land  by  the  natural  and  interesting  process  of 
making  imaginary  journeys  through  the  different  districts  of  these  islands. 
Physical  geography  has  been  closely  connected  with  political  aspects,  and 
throughout  an  appeal  has  been  made  to  the  common  sense  as  well  as  to  the 
imagination  of  the  child.  Interesting  questions  are  set  at  the  end  of  each 
chapter,  and  the  text  is  fully  illustrated  by  photographs  and  outline  maps. 

The  Dominion  of  Man.  Geography  in  its  Human  Aspect.  By  E. 
Protheroe.  With  36  Illustrations.  Second  Edition.  Crown  Svo,  2s. 

A bright  and  readable  geographical  textbook  for  teachers  and  upper 
classes,  dealing  mainly  with  the  way  in  which  life  is  affected  by  its  surround- 
ings and  conditions.  Many  interesting  particulars  are  given  of  manufactures 
and  industries.  It  contains  thirty-six  full-page  Illustrations  beautifully 
printed  in  double  tone  ink. 


A Systematic  Geography  of  the  World 

By  G.  W.  Webb,  B.A. , 

Master  at  Owen’s  School,  Islington. 
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A Commercial  Geography  of  the  British  Empire.  By  L.  W. 

Lyde,  M.A.,  Professor  of  Economic  Geography  at  University  College, 
London.  Ninth  Edition.  Crown  8vo,  2s.  {Commercial  Series. 

The  first  section  gives  the  general  principles  of  the  science  and  their 
application  to  the  larger  areas  of  the  British  Empire.  The  second  section 
takes  each  of  the  Colonies  and  considers  its  surroundings,  fisheries,  harbours, 
surface,  agriculture,  and  minerals  separately. 

A Commercial  Geography  of  Foreign  Nations.  By  F.  C.  Boon, 
B.A.,  Assistant  Master  at  Dulwich  College.  Crown  8vo,  2s. 

{Commercial  Series. 

A companion  volume  to  Prof.  L.  W.  Lyde’s  “Commercial  Geography  of 
the  British  Empire." 

A Historical  Geography  of  the  British  Empire.  By  Hereford 
B.  George,  M.A.,  Fellow  of  New  College,  Oxford.  Fourth  Edition, 
Revised.  With  Map.  Crown  8vo,  3s.  6d. 

The  purpose  of  mis  work  is  twofold — to  describe  in  outline  the  British 
Empire,  with  its  component  parts  so  grouped  as  to  show  forth  the  diversity 
of  their  relations  to  the  mother  country — and  to  point  out  the  nature  of  the 
relations  between  the  geography  and  the  history  of  the  British  Islands, 
from  the  beginning,  and  from  the  time  of  their  becoming  British  in  the  case 
of  the  other  possessions. 

Historical  and  Modern  Atlas  of  the  British  Empire.  Specially 
prepared  for  Students.  By  C.  Grant  Robertson,  M.A.(Oxon.),  and 
J.  G.  Bartholomew,  F.R.S.E.,  F.R.G.S.  Demy  Quarto,  4s.  6d.  net. 

The  Atlas  contains  64  Maps,  with  numerous  insets,  Historical  Tables 
and  Notes,  an  Introduction,  a Historical  Gazetteer,  a Bibliography,  and  an 
Index.  The  combination  of  modern  maps  on  physical  geography,  trade, 
industry,  etc. , with  the  special  and  extensive  historical  maps  of  the  Empire 
as  a whole  and  of  each  part  of  it  ( e.g . India,  Canada,  etc.),  give  the  Atlas  a 
character  and  completeness  not  hitherto  offered  by  any  other  Atlas. 

Junior  Geography  Examination  Papers.  By  W.  G.  Baker,  M.A. 
Fcap.  8vo,  is.  [ Junior  Examination  Series. 

72  Papers  each  containing  10  questions,  covering  all  branches  of  the 
subject  required  by  pupils  of  12  to  16  years.  By  an  ingenious  arrangement 
the  papers  can  be  used  either  as  general  papers  or  to  test  some  particular 
part  of  the  subject. 

History  and  Geography  Examination  Papers.  By  C.  H.  Spence, 
M.  A.,  Assistant  Master  at  Clifton  College.  Third  Edition.  Crown  8vo’ 
2S-  6d.  [ School  Examination  Series. 

The  present  edition  was  practically  rewritten  and  a large  number  of  new 
questions  added. 


GERMAN 
Grammars,  etc. 

A Junior  German  Grammar.  By  H.  C.  A.  Seckler,  Senior  German 
Master,  Owen’s  School,  E.C.  Crown  8vo,  2s.  6d.  [ Junior  School  Books. 

This  book  is  for  the  Middle  Forms  of  schools,  and  meets  the  requirements 
of  the  Oxford  and  Cambridge  Junior  Local  and  the  College  of  Preceptors 
Examinations.  It  consists  of  grammar  and  exercises,  and  a particular 
feature  is  the  co-ordination  of  accidence  and  syntax.  It  aims  throughout 
at  training  pupils  to  use  their  knowledge  for  composition.  The  latter  part 
of  the  book  gives  various  examination  papers,  with  some  useful  model 
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German  Passages  for  Unseen  Translation.  By  E.  M'Queen 

Gray.  Crown  8vo,  2s.  6d. 

A selection  of  passages  from  standard  authors  for  the  use  of  Middle  and 
Upper  Forms.  No  notes  or  vocabularies  are  included. 

German  Vocabularies  for  Repetition.  By  Sophie  Wright.  Fcap. 
8vo,  is.  6d. 

A collection  of  useful  German  words  arranged  under  subjects. 

A German  Commercial  Reader.  By  S.  E.  Bally.  With  Vocabulary. 
Crown  8 vo,  2s.  [ Commercial  Series. 

The  object  of  this  manual  is  not  only  to  offer  the  student  material  for 
translation,  but  to  bring  to  his  notice  some  practical  hints  on  commerce, 
industry,  and  commercial  history  and  geography.  Roman  type  and  the  new 
spelling  have  been  adopted  in  this  book. 

A Manual  of  German  Commercial  Correspondence.  By  S.  E. 
Bally.  With  Vocabulary.  Second  Edition.  Crown  8vo,  2s.  6d. 

[ Commercial  Series. 

The  specimen  letters  which  illustrate  the  chapters  are  preceded  by 
analyses  and  followed  by  numerous  exercises,  each  containing  in  a few 
German  words  the  gist  of  the  letter  to  be  composed.  Roman  type  and  the 
new  spelling  have  been  adopted  in  this  book. 

German  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  By  R.  J.  Morich,  late  of  Clifton  College.  Eighth  Edition. 
Cr.  8vo,  2s.  6d.  Key,  Third  Ed.,  6s.  net.  [School  Examination  Series. 

A series  of  Advanced  Papers  compiled — (i)  to  avoid  the  tediousness  and 
length  of  constant  grammar  repetition,  and  (2)  to  make  the  student 
acquainted  with  some,  at  least,  of  the  endless  number  of  German  idiomatic 
phrases. 

Junior  German  Examination  Papers  in  Miscellaneous  Grammar 
and  Idioms.  By  A.  Voegelin,  M.A.,  Modern  Language  Master  at 
St.  Paul’s  School.  Fcap.  Svo,  is.  [Junior  Examination  Series. 

An  easier  book,  on  the  same  lines  as  German  Examination  Papers. 

Texts 

Simplified  German  Texts 

Edited  by  T.  R.  N.  Crofts,  M.A., 

Headmaster  of  Roan  School,  Greenwich. 

The  aim  of  this  Series  is  to  provide  pupils  who  have  been  studying  German 
about  two  or  three  years  with  simple  translation  books  which  they  can  under- 
stand, and  which  at  the  same  time  provide  complete  stories,  instead  of  a 
succession  of  little  anecdotes.  Vocabularies  have  been  added,  in  which  the 
chief  idioms  are  explained.  Each  volume  is  fcap.  8vo,  is. 

Der  Muller  am  Rhein.  By  C.  Brentano.  Adapted  from  “ Das 
Marchen  von  dem  Rhein  und  dem  Miiller  Radlauf,”  by  Miss  A.  F. 
Ryan,  Modern  Language  Mistress  at  the  High  School,  Derby. 

Die  Geschichte  von  Peter  Schlemihl.  By  A.  von  Chamisso. 
Adapted  from  “ Peter  Schlemihl’s  Wundersame  Geschichte,”  by  R. 
C.  Perry,  M.A.,  Modern  Language  Master  at  Merchant  Taylors’ 
School,  London. 

Undine  und  Huldbrand.  By  De  La  Motte  FouquIL  Adapted  from 
“ Undine,”  by  T.  R.  N.  Crofts,  M.A. 

Die  Nothelfer.  By  W.  II.  Riehl.  Adapted  from  “ Die  Vierzehn 
Nothelfer,”  by  P.  B.  Ingham,  B.A.,  Modern  Language  Master  at 
Merchant  Taylors’  School,  London. 

Simplified  German  Unseens.  By  T.  R.  N.  Crofts,  M.A. 
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GREEK 

Grammars,  Exercises,  etc. 

Easy  Greek  Exercises.  By  C.  G.  Botting,  B.A.,  Assistant  Master 
at  St.  Paul’s  School.  Crown  8vo,  2s. 

These  exercises  have  been  compiled  to  accompany  Stedman’s  “Shorter 
Greek  Primer,"  from  which  the  rules  have,  by  permission,  been  for  the  most 
part  taken. 

Passages  for  Unseen  Translation.  By  A.  M.  Cook,  M. A.,  Assistant 
Master  at  St.  Paul’s  School,  and  E.  C.  Marchant,  M.  A. , Tutor  of  Lincoln 
College,  Oxford.  Selected  from  Latin  and  Greek  Literature.  Fifth 
Edition.  Crown  8vo,  3s.  6d. 

Two  hundred  Latin  and  two  hundred  Greek  passages,  arranged  in  order 
of  increasing  difficulty.  The  book  has  been  carefully  compiled  to  meet  the 
wants  of  V.  and  VI.  Form  boys  at  the  Public  Schools,  and  is  also  well 
adapted  for  the  use  of  honoursmen  at  the  Universities.  Prose  and  verse 
alternate  throughout. 

Notes  on  Greek  and  Latin  Syntax.  By  G.  Buckland  Green, 
M.A.,  Assistant  Master  at  Edinburgh  Academy.  Second  Edition, 
Revised.  Crown  8vo,  3s.  6d. 

The  book  discusses  and  explains  the  chief  difficulties  of  Greek  and  Latin 
Syntax,  so  as  to  afford  a preparation  for  the  higher  classical  examinations. 
The  treatment  throughout  is  comparative.  There  are  chapters  on  the  cases, 
tenses,  moods,  and  their  uses,  on  Homeric  peculiarities,  the  article,  etc. ; 
and,  besides  the  examples  quoted  in  illustration  of  the  text,  numerous  pas- 
sages are  added,  by  working  through  which  the  student  may  obtain  practice 
in  dealing  with  points  of  syntax. 

By  A.  M.  M.  Stcdman,  M.A. 

Steps  to  Greek.  Fourth  Edition.  i8mo,  is. 

Easy  Lessons  on  Elementary  Accidence,  with  exercises  and  vocabularies. 

A Shorter  Greek  Primer.  Revised  by  C.  G.  Botting,  M.A.  Fourth 
Edition.  Crown  8vo,  is.  6d. 

This  book  contains  the  elements  of  Greek  Accidence  and  Syntax. 

Easy  Greek  Passages  for  Unseen  Translation.  Revised  by  C. 
G.  Botting,  M.A.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

The  pieces  are  graduated  in  length  and  difficulty,  and  the  early  pieces 
present  no  serious  obstacles. 

Greek  Vocabularies  for  Repetition.  Revised  by  C.  G.  Botting 
M.A.  Fifth  Edition.  Fcap.  8vo,  is.  6d. 

A collection  of  over  2000  useful  words  arranged  in  sets  of  twelve  each 
according  to  subjects. 

Greek  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  Tenth  Edition.  Crown  8vo,  2s.  6d.  Key  (Fourth  Edition), 
issued  to  Tutors  and  Private  Students  only,  6s.  net. 

[School  Examination  Series. 

A collection  of  Advanced  Papers. 


Junior  Greek  Examination  Papers.  By  T.  C.  Weatherhead, 

M.A. , Headmaster  of  King’s  College  Choir  School,  Cambridge.  Fcap. 

°VOa  IS'i  , T • [Junior  Examination  Series. 

A volume  of  72  Junior  Papers. 
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Examination  Papers  on  Thucydides.  By  T.  Nicklin,  M.A., 
Assistant  Master  at  Rossall  School.  Crown  8vo,  2s. 

In  this  volume  the  eight  books  have  been  divided  into  short  sections,  and 
a paper  has  been  set  on  each  section,  as  well  as  recapitulatory  papers  on 
each  book. 

Texts 

Aristotle.— THE  ETHICS  OF  ARISTOTLE.  Edited,  with  an 
Introduction  and  Notes,  by  John  Burnet,  M.A.,  Professor  of  Greek  at 
St.  Andrews.  Cheaper  issue.  Deniy  8vo,  ios.  6d.  net. 

An  elaborate  edition,  based  on  the  assumption  that  the  Nicomachean 
Ethics  is  the  authentic  work  of  Aristotle,  and  that  it  has  hardly  suffered  from 
interpolation  or  dislocation.  It  is  also  assumed  that  the  Eudemian  Ethics 
is  our  most  authoritative  commentary,  and  the  parallel  passages  from  it  are 
printed  under  the  text  to  which  they  refer.  The  commentary  shows  that 
most  of  the  difficulties  which  have  been  raised  disappear  when  the  work  is 
interpreted  in  the  light  of  Aristotle’s  own  rules  of  Dialectic. 

Demosthenes.— AGAINST  CONON  AND  CALLICLES.  Edited  by 
F.  Darwin  Swift,  M.A.  Second  Edition.  Fcap.  8vo,  2s. 

The  new  text  edited  for  Middle  and  Upper  Forms,  with  vocabulary  and 
notes. 

Greek  Testament  Selections.  With  Introduction,  Notes,  and  Vocabu- 
lary,by  A.  M.  M.  Stedman,  M.A.  Fourth  Edition.  Fcap.  8vo,  2s.  6d. 

This  small  volume  contains  a selection  of  passages,  each  sufficient  for  a 
lesson,  from  the  Gospels,  forming  a life  of  Christ.  In  schools  where  only  a 
limited  time  can  be  given  to  the  study  of  the  Greek  Testament  an  oppor- 
tunity is  thus  supplied  for  reading  some  of  the  most  characteristic  and 
interesting  passages. 

Translations 

.ZEschylus. — AGAMEMNON,  CHOEPHOROE,  EUMENIDES.  Trans- 
lated by  Lewis  Campbell,  LL.D.  Crown  8vo,  5s. 

[ Classical  Translations. 

Lucian. — SIX  DIALOGUES  (Nigrinus,  Icaro-Menippus,  The  Dream,  The 
Ship,  The  Parasite,  The  Lover  of  Falsehood).  Translated  by  S.  T. 
Irwin,  M.A.,  Assistant  Master  at  Clifton.  Crown  Svo,  3s.  6d. 

[ Classical  Translations. 

Sophocles.— AJAX  AND  ELECTRA.  Translated  by  E.  D.  A. 
Morshead,  M.A.  Crown  Svo,  2s.  6d.  [Classical  Translations- 

HISTORY 

Classical 

Stories  from  Ancient  History.  By  E.  Bowyer,  B.A.,  B.Sc.,  Assistant 
Master,  Owen’s  School,  Islington.  With  2 Maps.  Crown  Svo,  is.  6d. 

[New  Historical  Series. 

This  volume — the  first  of  a new  historical  series  on  the  lines  of  the  recent 
circular  of  the  Board  of  Education  on  the  teaching  of  History — is  intended 
as  an  introduction  to  the  story  of  ancient  history  for  pupils  up  to  the  age 
of  twelve# 

In  accordance  with  the  suggestions  made  in  the  above-mentioned  circular, 
it  deals  with  the  ' ‘ chief  events  and  characters  from  the  history  of  the  most 
important  nations  in  their  traditional  form."  It  aims  also  at  “giving  some 
idea  of  the  nature  of  the  great  nations  and  stages  in  civilisation,  centred 
round  certain  individuals  or  events  in  the  chronological  succession  in  suen 
a way  that  young  children  shall  be  able  at  least  to  "place ” the  most  notable 
characters  of  ancient  history. 


LIST  OF  EDUCATIONAL  BOOKS 


19 


The  Ancient  World.  Outlines  of  Ancient  History  for  the  Middle  Forms 
of  Schools.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With  12  Maps 
and  20  Illustrations.  Crown  8vo,  3s.  6d. 

This  book  tells  the  stories  of  the  great  civilisations  of  the  Ancient  World, 
as  made  known  by  recent  excavation  and  discovery,  from  the  dawn  of 
Egyptian  history  to  the  days  of  the  Roman  Empire. 

The  Greek  View  of  Life.  By  G.  Lowes  Dickinson,  M.A.,  Fellow 
of  King’s  College,  Cambridge.  Seventh  and  Revised  Edition.  Crown 
8vo,  2s.  6d.  net. 

A revised  edition,  reset  in  new  type,  of  this  admirable  book,  which  is  a 
general  introduction  to  Greek  literature  and  thought.  Among  the  subjects 
dealt  with  are  the  Greek  View  of  Religion,  the  State  and  its  relation  to  the 
Citizen,  Law,  Artisans  and  Slaves,  Sparta,  Athens,  Manual  Labour  and 
Trade,  Athletics,  Pleasure,  Greek  View  of  Women,  Friendship,  Art, 
Sculpture,  Painting,  Music,  etc. 

A First  History  of  Greece.  By  Edith  E.  Firth,  History  Mistress  of 
Croydon  High  School.  With  7 Maps.  Second  Edition.  Crown  8vo, 
is.  6d.  [Beginner's  Books. 

This  book  has  been  written  in  the  hope  of  supplying  a History  of  Greece 
suitable  for  young  children.  It  is  written  in  biographical  form,  and  those 
lives  have  been  selected  which  best  explain  the  rise  and  decline  of  the 
Greeks. 

A Junior  Greek  History.  By  W.  Horton  Spragge,  M.A.,  Assistant 
Master  at  City  of  London  School.  With  4 Maps  and  4 Plates. 
Crown  8vo,  2s.  6d.  [ Junior  School  Books. 

It  describes  the  main  features  in  the  history  of  Greece  down  to  the  time  of 
its  absorption  in  the  Roman  Empire,  suitably  presented  for  junior  pupils  in 
schools.  The  greater  part  of  it  is  taken  from  ancient  authorities,  Greek  and 
Latin,  but  the  views  of  modern  writers  have  also  been  consulted. 

A Short  History  of  Greece  to  the  Death,  of  Alexander  the  Great. 

By  W.  S.  Hett,  B.A.,  Assistant  Master  at  Brighton  College.  With 
many  Maps.  Crown  8vo,  3s.  6d. 

This  book  is  intended  primarily  for  the  use  of  students  reading  for  the 
Oxford  and  Cambridge  Higher  Certificate,  and  secondarily  as  an  introduc- 
tion to  a wider  study  of  the  subject.  An  attempt  has  been  made  to  render 
some  of  the  recently  acquired  archaeological  evidence  accessible  to  those  who 
have  no  expert  knowledge.  The  recent  papers  set  for  the  Higher  Certificate 
have  demanded  far  more  than  a mere  collection  of  facts,  and  accordingly  the 
present  work  has  been  written  with  a view  to  giving  a general  survey  of  the 
Greek  race  and  of  the  broad  principles  underlying  its  history. 

Stories  from  Roman  History.  By  E.  M.  Wilmot  - Buxton, 
F.R.Hist.S.  Third  Edition.  Crown  8vo,  is.  6d. 

[Beginner1  s Books. 

The  object  of  this  book  is  to  provide  an  introduction  to  the  study  of 
Roman  history  by  a series  of  stories  in  chronological  order  dealing  with  the 
main  events  and  characters  of  the  history  of  Rome. 

An  Introduction  to  the  History  of  Rome.  By  H.  N.  Asman,  M.  A. , 
B.D.,  Second  Master  of  Owen’s  School,  Islington.  With  2 Maps  and 
14  Illustrations.  Crown  8vo,  2s.  6d. 

This  book  gives  to  pupils  learning  Latin  some  knowledge  of  the  history 
of  the  great  people  whose  language  they  are  studying.  It  has  been  insisted 
by  educational  authorities  that  some  knowledge  of  the  history  of  Rome  is 
essential  not  only  for  a proper  appreciation  of  Roman  literature,  but  that  it 
is  also  a necessary  part  of  a complete  education.  This  book  occupies  a place 
between  the  primer  and  the  larger  works  on  the  subject.  It  gives  a brief 
survey  of  the  history  of  Rome  to  the  death  of  Augustus.  It  will  also  be 
found  useful  for  the  general  reader  who  desires  some  knowledge  of  the 
subject. 
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A Short  History  of  Rome  to  the  Death  of  Augustus.  By  J. 

Wells,  M.A.,  Fellow  and  Tutor  of  Wadham  College,  Oxford.  With 
3 Maps  and  4 Plates.  Tenth  Edition.  Crown  8vo,  3s.  6d. 

“The  schoolmasters  who  have  felt  the  want  of  a fifth-form  handbook  of 
Roman  history  may  congratulate  themselves  on  persuading  Mr.  Wells  to 
respond  to  it.  His  book  is  excellently  planned  and  executed.  Broken  up 
into  short  paragraphs,  with  headings  to  arrest  the  attention,  his  manual  does 
equal  justice  to  the  personal  and  the  constitutional  aspects  of  the  story.” — 
Journal  of  Education. 

A Constitutional  and  Political  History  of  Rome.  From  the 
Earliest  Times  to  the  Reign  of  Domitian.  By  T.  M.  Taylor,  M.A., 
Fellow  of  Gonville  and  Caius  College,  Cambridge.  Second  Edition. 
Crown  8vo,  7s.  6d. 

It  contains  an  account  of  the  origin  and  growth  of  the  Roman  institutions, 
and  a discussion  of  the  various  political  movements  in  Rome  from  the  earliest 
times  to  the  reign  of  Domitian. 

Modern 

Great  Britain 

England’s  Story  from  Csesar  to  Elizabeth.  By  Josiah  Turner. 
With  more  than  50  Illustrations.  Crown  8vo,  is.  6d. 

In  this  book,  the  sub-title  of  which  is  “ England  on  the  Edge  of  the 
World,"  an  attempt  is  made  to  show  that  the  course  of  England’s  history 
has  been  influenced  by  the  known  geographical  position  of  the  country. 

The  author  holds  that  the  Norman  Conquest  and  the  Discovery  of 
America  were  the  two  turning-points  in  English  history,  as  the  first  com- 
mitted England  to  the  struggle  for  a continental  empire,  and  the  second, 
by  placing  England  in  the  centre  of  the  World,  was  directly  responsible  for 
our  present  oceanic  empire. 

The  book  is  intended  to  be  used  by  children  of  nine  or  ten,  and  the 
language  is  not  beyond  their  comprehension. 

Easy  Stories  from  English  History.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Sixth  Edition.  Crown  8vo,  is.  [Beginner's  Books. 

A historical  reader  arranged  on  the  century  method ; that  is,  it  aims  at 
enabling  the  learner,  before  any  detailed  study  is  attempted,  to  run  his  eye 
over  the  centuries,  and  point  out  the  main  feature  of  each  succeeding  epoch. 
The  book  contains  thirty-five  stories,  from  Caradoc  to  Gordon,  well  and 
simply  told,  chosen  with  a view  to  illustrate  each  century. 

A Junior  History  of  Great  Britain.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d. 

This  book  gives  a systematic  and  interesting  account  of  the  history  of 
Great  Britain  to  pupils  of  ages  ten  to  fourteen,  who  have  hitherto  studied  the 
subject  in  the  form  of  “Stories.”  To  prevent  it  from  being  a mere  outline, 
and  in  accordance  with  the  Board  of  Education’s  Circular,  many  unimport- 
ant facts  have  been  omitted,  and  the  aim  has  been  to  give  (r)  a clear 
apprehension  of  the  chief  events  in  chronological  sequence;  (2)  a fairly 
detailed  study  of  those  aspects  which  should  specially  appeal  to  young  pupils. 
The  connection  of  history  with  literature  has  been  maintained  throughout. 

A History  of  Great  Britain.  From  the  Coming  of  the  Angles  to  the 
Year  1870.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With  20  Maps. 
Second  Edition.  Crown  8vo,  3s.  6d. 

This  book  attempts  to  break  through  the  conventional  lines  on  which 
History  Class-books  are  laid  down.  With  very  few  exceptions  these  books 
make  the  reign  the  chapter-limit,  and  take  each  event  in  chronological  order. 
In  this  book  the  old  system  has  been  entirely  discarded,  and  each  chapter 
will  be  found  to  deal  with  one  great  movement,  which  is  traced  in  cause, 
events,  and  result.  Another  feature  is  the  close  connection  which  has  been 
maintained  throughout  with  European  History. 
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Methuen’s  School  History  of  England 

In  Three  Volumes 

A History  of  England  for  Schools.  Vol.  I.  To  1485.  By  H.  J. 
Cape,  B.Sc.,  F.R.Hist.S.,  Headmaster  of  the  Mathematical  School, 
Rochester.  Crown  8vo,  2s.  6d. 

The  author  has  endeavoured  to  carry  out  the  suggestions  contained  in 
two  recent  and  most  valuable  Memoranda  of  the  Board  of  Education  By 
limiting  the  space  devoted  to  the  less  instructive  reigns,  it  has  been  possible 
to  treat  at  greater  length  the  events  of  outstanding  importance,  while  the 
great  movements  of  history  are  discussed  in  their  European  bearing  and  not 
merely  from  the  influence  which  they  exercised  upon  our  own  country. 

It  is,  however,  hoped  that  the  book  will  satisfy  the  requirements  of  those 
who  need  a practical  textbook  for  examination  purposes. 

A History  of  England  for  Schools.  Vol.  II.  1485-1714.  By 
L.  Oldershaw,  M.A.  Crown  8vo,  2s.  6d. 

This  volume  aims  at  showing  the  position  of  England  in  Europe,  and  at 
sketching  her  internal  development  during  the  period  when  the  foundations 
of  the  modern  state  and  the  Empire  were  being  laid. 

The  Reformation  and  the  counter  Reformation,  and  England’s  attitude 
in  regard  to  these  movements,  the  Irish  policy  of  the  Tudors,  and  of 
Cromwell,  the  great  struggle  of  the  Executive  and  the  Legislature,  and  the 
increasing  attention  paid  to  commercial  problems  and  in  foreign  relations 
are  among  the  larger  questions  dealt  with  in  broad  and  simple  outlines. 
As  in  the  other  volumes  of  the  series,  each  chapter  deals  with  a particular 
phase  of  the  subject ; illustrative  extracts  drawn  from  typical  ' ‘ sources  ” 
are  added  to  many  of  the  chapters,  and  its  usefulness  has  been  further 
increased  by  the  inclusion  of  summaries  and  a biographical  index. 

A Short  History  of  Modern  England.  1714-1910.  By  Ernest 
Bowyer,  B.A.,  B.Sc.  Crown  8vo,  2s.  6d. 

This  volume  has  been  written,  on  modern  lines,  expressly  for  Upper 
Forms  of  Schools.  In  order  to  enable  the  young  pupil  to  grasp  the 
history  of  his  country  during  the  last  two  centuries  as  an  intelligible  whole, 
the  economic  side  of  England’s  history  and  the  part  she  has  played  in 
international  politics  have  been  dealt  with  in  greater  detail  than  is  usual 
in  textbooks  written  for  schools.  Each  chapter  deals  with  a particular  phase 
of  the  subject ; illustrative  extracts  drawn  from  typical  "Sources”  are  added 
to  many  of  the  chapters,  and  the  usefulness  of  the  volume  is  further  in- 
creased by  the  inclusion  of  biographies  and  summaries. 


School  County  Histories 

Illustrated.  Crown  8vo,  is.  6d.  each 

This  series  is  designed  to  enforce  the  idea,  so  all-important  in  young  people’s 
education,  that  history  begins  at  home.  The  volumes  are  meant  to  bring  history 
into  connection  with  scenes  which  their  readers  know,  to  illustrate  manners 
by  local  examples,  and  to  teach  that  every  place  has  its  interest  and  its  story. 
Maps  and  illustrations  are  freely  added,  and  each  county  volume  is  written  by 
an  author  who  has  made  a special  study  of  the  county  he  treats. 

A School  History  of  Middlesex,  including  London.  By  Victor 
G.  Plarr,  M.A.,  and  F.  W.  Walton,  M.A.  With  45  Illustrations 
and  a Plan  of  London. 

A School  History  of  Surrey.  By  H.  E.  Malden,  M.A.  With  4 
Maps  and  50  Illustrations. 


22 


MESSRS.  METHUEN’S 

School  County  Histories — continued 


A School  History  of  Somerset.  By  Walter  Raymond.  With 
70  Illustrations.  Second  Edition. 

A School  History  of  Warwickshire.  By  B.  C.  A.  Windle,  D.Sc., 
F.R.S.,  President  of  Queen’s  College,  Cork.  With  47  Illustrations! 

A School  History  of  Lancashire.  By  W.  E.  Rhodes,  M.A. 
With  3 Maps  and  43  Illustrations. 


A Handy  Digest  of  British  History.  By  C.  E.  Snowden. 
Demy  8vo,  4s.  6d. 

A guide  and  companion  that  aims  at  presenting  a clear  and  easily  grasp- 
able  analysis  of  the  course  of  events  to  students  who  are  reading,  and  at 
refreshing,  at  a minimum  cost  of  time  and  trouble,  the  memories  of  those 
who  have  read.  It  supplies  a commentary  on  the  more  important  and 
leading  questions  of  each  period,  while  it  contents  itself  with  the  barest 
mention  of  episodes,  the  details  of  which  can  be  found  in  most  textbooks. 

English  Life  Three  Hundred  Years  Ago.  Being  the  first  two 
chapters  of  “England  under  the  Stuarts.”  By  G.  M.  Trevelyan, 
M.A.,  late  Fellow  of  Trinity  College,  Cambridge.  Edited  by  J.  Turral, 
B.A.,  Headmaster  of  the  Blackpool  Secondary  School.  Crown  Svo,  is. 

A graphic  account  of  the  state  of  England  and  English  Society  from 
1603  to  1640. 

A Constitutional  History  of  England.  By  A.  M.  Chambers, 
Honours  School  of  Modern  History,  Oxford  ; History  Mistress,  Bedford 
High  School.  Second  Edition.  Crown  Svo,  6s. 

This  book  is  meant  primarily  for  use  in  the  Upper  Forms  in  schools  and 
for  Students  beginning  more  advanced  work.  It  deals  mainly  with  Saxon 
and  Feudal  Organisation,  and  with  the  evolution  of  the  Central  Government 
out  of  earlier  institutions.  The  development  of  each  branch  of  the  Con- 
stitution— Executive,  Legislature,  and  Judicature — is  traced  separately,  but, 
as  far  as  possible,  the  history  of  each  subject  is  dealt  with  chronologically. 
The  difference  between  the  English  and  other  constitutions  is  examined,  and 
its  chief  characteristics  are  pointed  out,  while  the  relationship  of  the  several 
branches  of  the  Constitution  to  each  other,  now  and  in  the  past,  is  shown, 
and  an  attempt  is  made  to  suggest  the  practical  effects  of  the  present  balance 
of  power  in  the  State  on  the  Constitution. 

Original  Illustrations  of  English.  Constitutional  History. 

Comprising  a Selected  Number  of  the  Chief  Charters  and  Statutes. 
By  D.  J.  Medley,  M.A.,  Professor  of  History  in  the  University  of 
Glasgow.  Crown  Svo,  7s.  6d.  net. 

This  volume  covers  the  whole  period  from  the  Anglo-Saxon  law's  to  the 
Act  of  Union  with  Ireland.  University  teachers  have  long  desired  such  a 
collection  in  a single  volume.  In  those  already  published  the  pieces  are 
translated.  But  since  the  object  of  this  selection  is  that  it  should  serve  as 
an  introduction  to  more  extended  study,  the  documents  written  in  French  or 
Latin  are  presented  in  the  original  language,  and  they  are  annotated 
throughout  with  extracts  from  other  original  material  bearing  on  all  important 
points,  in  order  that'  each  passage  may  be  as  far  as  possible  its  own 
interpreter. 
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English  Records.  A Companion  to  the  History  of  England.  By  H. 
E.  Malden,  M.A.  Crown  8vo,  3s.  6d. 

This  handbook  is  intended  to  furnish  the  necessary  basis  of  facts  for  those 
who  are  hearing  historical  lectures  or  reading  history.  It  aims  also  at 
concentrating  information  upon  dates,  genealogies,  historical  geography, 
officials,  wars,  and  constitutional  documents  which  is  usually  only  to  be 
found  scattered  in  different  volumes. 

The  Industrial  History  of  England.  By  H.  de  B.  Gibbins,  Litt.D., 
M.A.  With  Maps  and  Plans.  Seventeenth  Edition,  Revised.  Crown 
8vo,  3s. 

An  introduction  to  the  subject,  giving  in  concise  and  simple  form  the  main 
outlines  of  England’s  economic  history.  As  far  as  possible  the  economic 
questions  are  connected  with  the  social,  political,  and  military  movements. 

British  Commerce  and  Colonies  from  Elizabeth  to  Victoria. 

By  H.  de  B.  Gibbins,  Litt.D.,  M.A.  Fourth  Edition.  Crown  8vo,  2s. 

[ Commercial  Series. 

A review  of  the  history  of  British  Commerce,  written  in  simple  and  concise 
form,  without  elaborate  detail. 

Battles  of  English  History.  By  H.  B.  George,  M.A.,  Fellow  of  New 
College,  Oxford.  With  numerous  Plans.  Fifth  Edition,  Revised. 
Crown  8vo,  3s.  6d. 

This  book  is  intended  to  give  a clear  general  idea  of  all  the  most  im- 
portant Battles  of  English  History,  and,  without  being  technical,  to  bring 
out  their  meaning.  It  is  suitable  for  an  U pper  Form  textbook  or  school  prize. 

Revision  Notes  on  English  History.  By  F.  Wallace-Hadrill, 
Assistant  Master  at  Kingston-on-Thames  Grammar  School.  Cr.  8vo,  is. 

This  book  is  not  intended  to  supersede  but  rather  to  supplement  the  use 
of  the  ordinary  class-book,  and  has  been  written  chiefly  for  the  use  of 
candidates  preparing  for  the  Local  Examinations.  It  contains  a chrono- 
logical analysis  of  the  leading  events  of  English  history,  together  with 
general  notes  on  each  reign. 

Examination  Papers  in  English  History.  By  J.  Tait 
Wardlaw,  B.A.  Crown  8vo,  2s.  6d.  [ School  Examination  Series. 

These  papers  are  designed  for  candidates  for  a pass  degree  in  History  in 
the  Universities,  and  for  students  taking  Historical  Scholarships,  Army 
Candidates,  and  the  ordinary  work  in  Public  Schools. 

Junior  History  Examination  Papers.  By  W.  O.  P.  Davies.  Crown 
8 vo,  is.  [ Junior  Examination  Series. 

For  pupils  preparing  for  the  Oxford  and  Cambridge  Locals,  College  of 
Preceptors,  and  other  Junior  Examinations.  They  have  been  modelled  on 
papers  actually  set  by  the  various  examining  bodies,  and  the  answers 
required  will  prove  useful  exercises  in  Composition.  They  are  all  most 
carefully  graduated,  and  can  be  used  either  to  test  one  particular  period, 
or  as  Examination  Papers  of  the  subject  generally. 

The  Rights  and  Duties  of  the  English  Citizen.  [See  under  “ Civics." 

A Student’s  History  of  Scotland.  By  David  W,  Rannie,  M.A. 
With  4 Maps.  Crown  8vo,  3s.  6d. 

A history  written  throughout  in  simple  language,  and  putting  as  clearly 
as  possible  the  results  of  the  most  careful  recent  criticism  from  original 
sources. 

Tales  from  Irish  History.  By  A.  Birkhead,  B.A.  With  a Map. 
Crown  8vo,  is.  6d.  [ Stories  from  the  Histories. 
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Europe  and  the  Empire 

Six  Ages  of  European  History 

From  A.D.  476  to  1878 

Edited  by  A.  H.  Johnson,  M.A.,  Fellow  of  All  Souls’  College,  Oxford. 

With  Maps.  Crown  8vo,  2s.  6d.  each 

The  Dawn  of  Mediaeval  Europe,  476-918.  By  J.  H.  B.  Masterman 
M.A.,  Professor  of  History  in  the  University  of  Birmingham.  With 
12  Maps.  Second  Edition. 

It  is  hardly  possible  to  understand  European  history  without  some  know- 
ledge of  the  settlement  of  Europe  after  the  Teutonic  immigrations  and  the  fall 
of  the  Empire  in  the  West.  This  volume  traces  the  successive  rise  of  the 
Gothic  and  Frankish  Kingdoms,  leading  to  the  establishment  of  the  Holy 
Roman  Empire  under  Charles  the  Great,  and  its  break  up  under  his  descend- 
ants. The  influence  of  the  Eastern  Empire,  and  the  rise  and  conquests  of  the 
Mohammedan  faith,  are  considered  chiefly  in  their  bearing  on  the  develop- 
ment of  Western  Europe.  Attention  is  directed  especially  to  the  central 
figures  of  the  period:  Theodoric,  S.  Benedict,  Justinian,  Clovis,  Charles  the 
Great. 

The  Central  Period  of  the  Middle  Age,  918-1273.  By  B.  A.  Lees, 
Resident  History  Tutor,  Somerville  College,  Oxford.  With  10  Maps. 
Second  Edition. 

Opening  with  the  election  of  Henry  the  Fowler,  and  closing  with  the  rise 
of  the  House  of  Hapsburg  to  power,  it  covers  the  period  of  the  struggle  fcr 
supremacy  between  Empire  and  Papacy  and  of  the  gradual  building  up  of 
the  nations  of  modern  Europe  on  the  ruins  of  Imperial  Rome.  It  traces  the 
development  of  feudalism  and  monasticism,  of  chivalry  and  the  Crusades,  of 
scholasticism  and  the  Universities,  and  connects  these  great  movements  with 
the  great  men  who  inspired  and  led  them. 

The  End  of  the  Middle  Age,  1273-1453.  By  E.  C.  Lodge,  Vice- 
Principal  and  History  Tutor,  Lady  Margaret  Hall.  Second  Edition. 

The  period  which  it  covers  is  one  of  great  importance.  It  marks  the  decay 
of  the  political  system  of  the  Middle  Ages,  and  the  disappearance  of  the  old 
unity  in  Western  Europe  ; whilst  in  it  can  be  traced  the  growth  of  new  ideals 
to  take  the  place  of  the  old,  and  above  all  the  rise  of  nations.  It  is  essentially 
a time  of  transition,  a period  of  effort  and  experiment  rather  than  of  finished 
work.  Its  great  interest  lies  in  the  fact  that  all  the  details  of  the  history  are 
part  of  this  gradual  change  from  the  Middle  Ages  to  Modern  days. 

Europe  in  Renaissance  and  Reformation,  1453-1659.  By  M.  A. 
Hollings,  M.A.  Second  Edition. 

This  book  deals  with  the  formation  of  the  modern  European  state-system, 
the  Renaissance  and  Reformation  (both  Protestant  and  Catholic),  the  con- 
solidation and  ascendancy  of  France  in  Europe,  and  the  Wars  of  Religion, 
ending  with  the  Thirty  Years’  War. 

The  Age  of  the  Enlightened  Despot,  1660-1789.  By  A.  H. 
Johnson,  M.A.,  Fellow  of  All  Souls’.  With  11  Maps.  Second  Edition. 

The  period  covered  by  this  volume  opens  with  the  triumph  of  the  monarchy 
of  Louis  Xiv.  and  closes  with  the  failure  of  the  rule  of  Louis  XVI.  The  aim  of 
the  volume  is  to  bring  clearly  before  the  young  reader  the  theory  of  monarchical 
rule  represented  by  these  kings,  and  to  show  when  and  why  they  succeeded 
or  failed. 

The  Remaking  of  Modern  Europe : From  the  Outbreak  of  the  French 
Revolution  to  the  Treaty  of  Berlin,  1789-1S78.  ByJ.  A.  R.  Marriott, 
M.A.  With  10  Maps.  Fourth  Edition. 

It  contains  a sketch  of  European  history,  presenting  a vivid  picture  of  the 
revolutionary  period,  of  the  rise  and  fall  of  Napoleon,  and  of  the  larger  move- 
ments of  European  politics  since  Waterloo. 


LIST  OF  EDUCATIONAL  BOOKS 


25 


Stories  from  Modern  History.  By  E.  M.  Wilmot-Buxton, 
F.R.Hist.S.  Crown  8vo,  is.  6d.  [New  Historical  Series. 

An  introduction  to  the  story  of  modern  history  for  pupils  up  to  the  age  of 
twelve.  In  accordance  with  the  suggestions  made  in  the  late  circular  of  the 
Board  of  Education,  it  deals  with  “ the  chief  events  and  characters  from  the 
history  of  the  most  important  nations  in  their  traditional  form.”  It  aims  also 
at  ‘ ‘ giving  some  idea  of  the  nature  of  the  great  nations  and  stages  in  civilisa- 
tion, centred  round  certain  individuals  or  events  in  their  chronological 
succession”  in  such  a way  that  young  children  shall  be  able  at  least  to 
“place"  the  most  notable  characters  of  history. 

Makers  of  Europe.  Outlines  of  European  History  for  the  Middle  Forms 
of  Schools.  By  E.  M.  Wilmot-Buxton,  F.R.Hist.S.  With  12  Maps. 
Tenth  Edition.  Crown  8vo,  3s.  6d. 

A Textbook  of  European  History  for  Middle  Forms  and  Pupil  Teachers. 

Stories  from  French  History.  By  Taylor  Dyson,  M.A.  With  a 
Map.  Crown  8vo,  is.  6d.  [Stories  from  the  Histories. 

A reader  for  children  between  eight  and  twelve. 

The  Story  of  the  British  Empire  for  Children.  By  F.  M.  Anderson. 
With  many  Illustrations.  Revised  Edition.  Crown  8vo,  2s. 

This  book  gives  the  story  of  the  Empire  in  simple  language  for  children. 
Part  I.  gives  a rapid  survey  of  the  Colonies  and  Dependencies  to  show  the 
unity  of  the  whole  under  the  Crown.  Part  II.  describes  in  greater  detail 
India,  Canada,  New  Zealand,  Australia,  and  Tasmania. 

History  and  Geography  Examination  Papers.  By  C.  H.  Spence, 
M.A.,  Assistant  Master  at  Clifton  College.  Third  Edition.  Crown 
8vo,  2s.  6d.  [School  Examination  Series. 

The  French  Revolution.  By  J.  E.  Symes,  M.A.,  Principal  of  Uni- 
versity College,  Nottingham.  With  a Map.  Second  Edition.  Crown 
8vo,  2s.  6d. 

A short  general  account  of  the  French  Revolution,  bringing  out  the 
significance  of  the  chief  facts  and  their  relation  to  problems  of  our  own  time. 


LATIN 

Grammars,  Exercises,  etc. 

A School  Latin  Grammar.  By  H.  G.  Ford,  M.A.,  Assistant  Master 
at  Bristol  Grammar  School.  Crown  8vo,  2s.  6d.  [Junior  School  Books. 

Both  in  the  Accidence  and  Syntax  what  is  essential  for  beginners  is 
carefully  separated,  by  a system  of  typing  or  paging,  from  what  they  may 
neglect.  The  book  may  thus  be  used  by  boys  of  all  forms. 

An  Elementary  Latin  Exercise  Book.  By  H.  G.  Ford,  M.A.,  and 
L.  V.  Caudwell,  M.A.,  Assistant  Masters  at  Bristol  Grammar 
School.  Crown  8vo,  2s.  6d. 

This  book  covers  a two  years'  course  divided  into  six  parts,  each  part 
containing  twelve  explanations  and  twelve  vocabularies  of  uniform  length 
(10  words),  with  twenty  English-Latin  sentences  and  fifteen  Latin-Engfish 
to  each  explanation.  Throughout  only  words  and  constructions  found  in 
Caesar  B.  G.  are  used. 

It  is  a companion  book  to  Mr.  Ford’s  “ A School  Latin  Grammar." 
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Elementary  Latin.  Being  a First  Year’s  Course.  By  F.  J.  Terry, 

B. A.,  Assistant  Master  at  Preston  House  School,  East  Grinstead. 
Crown  8vo,  Pupils’  Book,  2s.  ; Masters’  Book,  3s.  6d.  net. 

A year's  school  course  arranged  for  class  teaching,  with  text  written  to 
allow  the  gradual  introduction  of  all  inflected  forms.  Nouns  and  verbs  are 
built  up  according  to  their  stem  formation  throughout,  so  that  the  learner 
gradually  acquires  the  Accidence  systematically.  As  a matter  of  practical 
experience,  boys  10  or  11  years  of  age  are  able  to  construe  Caesar  at  the  end 
of  the  course  with  but  little  help.  The  book  contains  Vocabularies,  Grammar, 
and  Exercises,  and  no  other  textbook  is  required  by  the  pupils.  The  Masters' 
Book  is  a commentary  on  the  Pupils’  book,  and  explains  the  system  of  teach- 
ing. It  directs  attention  consistently  throughout  to  the  meaning  of  words, 
and  thus  explains  the  Grammar. 

A Junior  Latin  Prose.  By  H.  N.  Asman,  M.A.,  B.D.  Crown 
8vo,  2s.  6d.  [ Junior  School  Books. 

The  “Junior  Latin  Prose"  is  written  primarily,  though  not  exclusively, 
with  a view  to  the  Junior  Locals.  It  contains  explanation  of,  and  exercises 
on,  the  chief  rules  of  Syntax,  with  special  attention  to  points  which  cause 
difficulty  to  boys,  and  concludes  with  exercises  in  Continuous  Prose. 

Exercises  in  Latin  Accidence.  By  S.  E.  Winbolt,  M.A.  Crown 
8vo,  is.  6d. 

This  book  is  adapted  for  Lower  Forms,  and  is  intended  to  accompany  the 
Shorter  Latin  Primer. 

Latin  Passages  for  Unseen  Translation.  By  A.  M.  Cook,  M.A., 
Assistant  Master  at  St.  Paul’s  School,  and  E.  C.  Marchant,  M.A., 
Tutor  of  Lincoln  College,  Oxford.  Crown  8vo,  is.  6d. 

Two  hundred  Latin  passages,  arranged  in  order  of  increasing  difficulty. 
Has  been  carefully  compiled  to  meet  the  wants  of  V.  and  VI.  Form  boys  at 
the  Public  Schools,  and  is  also  well  adapted  for  the  use  of  honoursmen  at  the 
Universities.  Prose  and  verse  alternate  throughout. 

Notes  on  Greek  and  Latin  Syntax.  By  G.  Buckland  Green, 
M.A.,  Assistant  Master  at  Edinburgh  Academy.  Third  Edition. 
Crown  8vo,  3s.  6d. 

For  description,  see  under  “ Greek.” 

Latin  Hexameter  Verse.  An  Aid  to  Composition.  By  S.  E.  Winbolt, 
M.A.  Crown  8vo,  3s.  6d.  Key,  5s.  net. 

This  book  contains  the  fruit  of  several  years'  class  teaching.  It  is  offered 
as  a help  to  Fifth  and  Sixth  Forms  at  Public  Schools,  and  Undergraduates 
at  Universities. 

The  principle  adopted  is  to  aid  in  the  composition  of  hexameter  verse,  by 
showing  to  some  extent  the  development  of  this  literary  form,  by  inferring 
from  the  evolution  what  is  the  best  workmanship,  and  by  hinting  how 
technique  depends  largely  on  thought. 

By  A.  M.  M.  Stcdman,  M.A. 

Initia  Latina.  Easy  Lessons  on  Elementary  Accidence.  Revised  by 

C.  G.  Botting,  B.A.  Twelfth  Edition.  Fcap.  Svo,  is. 

A very  easy  Latin  course  for  quite  young  pupils,  containing  Grammar, 
Exercises,  and  Vocabularies. 

First  Latin  Lessons.  Revised  by  C.  G.  Bolting,  B.A.  Twelfth  Edi- 
tion. Crown  8vo,  2s.  ^ 

This  book  is  much  fuller  than  "Initia  Latina,  and  while  it  is  not  less 
simple,  it  will  carry  a boy  a good  deal  further  in  the  study  of  elementary 
Latin.  The  Exercises  are  more  numerous,  some  easy  translation  adapted 
from  Ccesar  has  been  added,  and  a few  easy  Examination  Papers  will  afford 
a useful  test  of  a boy's  knowledge  of  his  grammar.  The  book  ts  intended 
to  form  a companion  book  to  the  " Shorter  Latin  Primer. 
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A First  Latin  Reader.  With  Notes  adapted  to  the  Shorter  Latin 
Primer,  and  Vocabulary.  Revised  by  C.  G.  Botting,  B.A.  Seventh 

Edition.  i8mo,  is.  6d.  . 

A collection  of  easy  passages  without  difficulties  of  construction  or 
thought.  The  book  commences  with  simple  sentences  and  passes  on  to 
connected  passages,  including  the  history  of  Rome  and  the  invasion  of 
Britain,  simplified  from  Eutropius  and  Caesar. 

Easy  Latin  Passages  for  Unseen  Translation.  Thirteenth  Edi- 
tion. Fcap.  8vo,  is.  6d. 

A collection  of  short  passages  for  beginners.  The  pieces  are  graduated 
in  length  and  difficulty. 

Exempla  Latina.  First  Exercises  in  Latin  Accidence.  With  Vocabu- 
lary. Fourth  Edition.  Crown  8vo,  is. 

This  book  is  intended  to  be  used  midway  between  a book  of  elementary 
lessons  and  more  difficult  Exercises  on  Syntax.  It  contains  simple  and 
copious  exercises  on  Accidence  and  Elementary  Syntax. 

Easy  Latin  Exercises  on  the  Syntax  of  the  Shorter  and 
Revised  Latin  Primers.  Revised  by  C.  G.  Botting,  B.A.  With 
Vocabulary.  Thirteenth  Edition.  Crown  8vo,  is.  6d.  Key,  3s.  net. 

This  book  has  been  compiled  to  accompany  Dr.  Kennedy’s  “Shorter 
Latin  Primer”  and  “Revised  Latin  Primer.”  Special  attention  has  been 
paid  to  the  rules  of  oratio  obliqua,  and  the  exercises  are  numerous. 

The  Latin  Compound  Sentence.  Rules  and  Exercises.  Second  Edi- 
tion. Crown  8vo,  is.  6d. ; with  Vocabulary,  2s. 

This  book  has  been  compiled  to  meet  the  requirements  of  boys  who  have 
worked  through  a book  of  easy  exercises  on  Syntax,  and  who  need  methodical 
teaching  on  the  Compound  Sentence.  In  the  main  the  arrangement  of  the 
Revised  Latin  Primer  has  been  followed. 

Notanda  Quaedam.  Miscellaneous  Latin  Exercises  on  Common  Rules 
and  Idioms.  Sixth  Edition.  Fcap.  8vo,  is.  6d.  ; with  Vocabulary,  2s. 
Key,  2s.  net. 

This  volume  is  designed  to  supply  miscellaneous  practice  in  those  rules 
and  idioms  with  which  boys  are  supposed  to  be  familiar.  Each  exercise 
consists  of  ten  miscellaneous  sentences,  and  the  exercises  are  carefully  gradu- 
ated. The  book  may  be  used  side  by  side  with  the  manuals  in  regular  use. 

Latin  Vocabularies  for  Repetition.  Arranged  according  to  Subjects. 
Revised  by  C.  G.  Botting,  B.A.  Sixteenth  Edition.  Fcap.  8vo,  is.  6d. 

In  this  book  an  attempt  has  been  made  to  remedy  that  scantiness  of 
vocabulary  which  characterises  most  boys.  The  words  are  arranged  ac- 
cording to  subjects  in  vocabularies  of  twelve  words  each,  and  if  the  matter 
of  this  little  book  of  eighty-nine  pages  is  committed  to  memory,  the  pupil 
will  have  a good  stock  of  words  on  every  subject. 

A Vocabulary  of  Latin  Idioms  and  Phrases.  Fifth  Edition. 
i8mo,  is. 

Seven  hundred  useful  Latin  phrases  arranged  alphabetically,  Latin- 
English. 

Latin  Examination  Papers  in  Miscellaneous  Grammar  and 
Idioms.  Fifteenth  Edition.  Cr.  8vo,  2s.  6d.  Key  (Seventh  Edition), 
issued  to  Tutors  and  Private  Students  only,  6s.  net. 

The  papers  have  been  compiled  to  provide  boys  who  have  passed 
beyond  the  elementary  stages  of  grammar  and  scholarship  with  practice 
in  miscellaneous  grammar  and  idioms. 

Considerable  space  has  been  given  to  the  doctrines  of  the  moods  (a  real 
test  of  accurate  scholarship),  and  to  those  short  idioms  and  idiomatic  sen- 
tences which  illustrate  the  differences  between  the  English  and  Latin 
languages. 
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Junior  Latin  Examination  Papers.  By  C.  G.  Botting,  B.A. 
Assistant  Master  at  St.  Paul’s  School.  Seventh  Edition.  Fcap.  8vo',  is! 
Key,  3s.  6d.  net.  [Junior  Examination  Series. 

An  easier  book  on  the  same  lines  as  Stedman’s  "Latin  Examination 
Papers.”  It  is  intended  for  use  in  the  Lower  Forms  of  Public  Schools,  and 
by  candidates  preparing  for  the  Oxford  and  Cambridge  Junior  Local 
Examinations.  The  volume  contains  720  carefully  graduated  original 
questions,  divided  into  papers  of  ten  questions  each. 

Examination  Papers  on  Vergil.  By  W.  G.  Coast,  B.A.,  Assistant 
Master  at  Fettes  College.  Crown  8vo,  2s. 

Three  papers  are  given  to  each  Georgic,  five  to  each  Aineid,  and  one  to 
each  Eclogue,  and  in  addition  there  are  a number  of  general  papers. 

Examination  Papers  on  Horace.  By  T.  C.  Weatherhead,  M.A. 
Crown  8vo,  2s. 

In  this  volume  the  whole  of  Horace  has  been  divided  into  short  sections, 
and  a paper  has  been  set  on  each  section,  as  well  as  (usually)  two  recapitu- 
latory papers  on  each  part,  e.g.  the  first  book  of  the  Odes. 


Texts 

Simplified  Latin  Texts 

Edited  by  H.  N.  Asman,  M.A.,  B.D.,  Second  Master  of 
Owen’s  School,  Islington. 

This  series  is  being  prepared  to  meet  the  real  need  in  schools  of  a more  varied 
selection  of  authors  for  young  pupils.  The  texts  have  been  abridged  with  a view 
to  economy  of  time,  and  also  with  a view  to  simplification.  This  has  been  done 
by  omission,  and  not  by  alteration.  Notes  have  been  added  sparingly,  vocabu- 
laries have  been  given,  and  naturally  long  vowels  marked  throughout.  A few 
questions  on  the  subject-matter  have  been  appended  to  furnish  materials  and 
suggestions  for  oral  work  and  written  composition.  The  texts  are  Fcap.  8vo, 
is.  each.  The  first  volumes  are  : — 

The  Catiline  of  Sallust.  By  A.  J.  Barnett,  M.A.,  Assistant  Master, 
Emanuel  School,  Wandsworth,  S.W. 

Selections  from  Catullus.  By  H.  N.  Asman,  M.A.,  B.D. 

Stories  from  Ovid.  By  H.  N.  Asman,  M.A.,  B.D. 

The  Siege  of  Veii  and  the  Sack  of  Home.  Founded  on  “ Livy  V.” 
By  A.  J.  Tate,  M.A.,  Owen’s  School,  Islington. 

Select  Letters  of  Pliny.  By  A.  J.  Tate,  M.A. 

Caesar. — EASY  SELECTIONS  FROM  CAESAR.  The  Helvetian  War. 
With  Notes  and  Vocabulary.  By  A.  M.  M.  Stedman,  M.A.  Re- 
vised by  C.  G.  Botting,  B.A.  Fourth  Edition.  i8mo,  is. 

Livy.— EASY  SELECTIONS  FROM  LIVY.  The  Kings  of  Rome. 
With  Notes  and  Vocabulary.  By  A.  M.  M.  Stedman,  M.A.  Illus- 
trated. Second  Edition.  i8mo,  is.  6d. 

Plautus. — THE  CAPTIVI.  Edited,  with  an  Introduction,  Textual  Notes, 
and  a Commentary,  by  W.  M.  Lindsay,  Fellow  of  Jesus  College, 
Oxford.  Demy  8vo,  10s.  6d.  net. 

The  editor  has  recollated  all  the  important  MSS.  The  book  contains  a 
long  Introduction  and  an  important  Appendix  on  the  accentual  elements  m 
early  Latin  verse.  The  textual  Notes  are  complete  and  the  Commentary  is  full 
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Tacitus.— TACITI  AGRICOLA.  With  Introduction,  Notes,  Maps,  etc. 
By  R.  F.  Davis,  M.A.  Crown  8vo,  2s. 

TACITI  GERMANIA.  By  R.  F.  Davis,  M.A.  Crown  8vo,  2s. 

The  text,  edited  with  an  Introduction,  Notes,  and  Critical  Appendix  for 
Middle  Forms. 

Translations 

Cicero.— DE  ORATORE  I.  Translated  by  E.  N.  P.  Moor,  M.A.,  late 
Assistant  Master  at  Clifton.  Second  Edition.  Crown  8vo,  3s*  6d. 

SELECT  ORATIONS  (Pro  Milone,  Pro  Murena,  Philippic  II.,  In 

Catilinam).  Translated  by  H.  E.  D.  Blakiston,  M.A.,  Fellow  and 
Tutor  of  Trinity  College,  Oxford.  Crown  8vo,  5s. 

DE  NATURA  DEORUM.  Translated  by  F.  Brooks,  M.A., 

late  Scholar  of  Balliol  College,  Oxford.  Crown  8vo,  3s.  6d. 

DE  OFFICIIS.  Translated  by  G.  B.  Gardiner,  M.A.  Crown 

8vo,  2s.  6d. 

Horace.— THE  ODES  AND  EPODES.  Translated  by  A.  D.  Godley, 
M.A.,  Fellow  of  Magdalen  College,  Oxford.  Crown  8vo,  2s. 

Juvenal.— THIRTEEN  SATIRES  OF  JUVENAL.  Translated  by 
S.  G.  Owen,  M.A.  Crown  8vo,  2s.  6d. 

Tacitus.— AGRICOLA  AND  GERMANIA.  Translated  by  R.  B.  Town- 
shend,  late  Scholar  of  Trinity  College,  Cambridge.  Crown  8vo,  2s.  6d. 

MATHEMATICS 

Algebra 

Easy  Exercises  in  Algebra  for  Beginners.  Containing  3500 
Original  Problems.  By  W.  S.  Beard.  Second  Edition.  Crown  8vo. 
With  Answers,  is.  9d.  ; Without  Answers,  is.  6d. 

A preparatory  course  in  Algebra  for  the  Local  Examinations.  This  book 
contains  many  distinctive  features. 

Test  Cards  in  Euclid  and  Algebra.  By  D.  S.  Calderwood, 
Headmaster  of  the  Provincial  Training  College,  Edinburgh.  In  three 
packets  of  40,  with  Answers,  is.  each;  or  in  three  books,  price 
2d.,  2d.,  and  3d. 

Junior  Algebra  Examination  Papers.  By  S.  W.  Finn,  M.A., 
Headmaster  of  Sandbach  School.  With  or  Without  Answers. 
Fcap.  8vo,  is.  [ Junior  Examination  Series. 

Seventy-two  Papers  of  ten  questions  each.  The  problems,  which  are 
original,  will  be  found  suitable  for  candidates  for  the  Local  Examinations. 

Arithmetic 

Easy  Exercises  in  Arithmetic.  Containing  5000  Examples.  By 
W.  S.  Beard.  Fourth  Edition.  Fcap.  8vo.  With  Answers,  is.  3d.  ; 
Without  Answers,  is.  [• Beginner’s  Books. 

A course  of  Arithmetic  for  Lower  Forms  in  Secondary  Schools  and  pupils 
preparing  for  Public  Schools,  Naval  Cadetships,  the  Oxford  and  Cambridge 
Preliminary  Local  Examinations.  The  examples  are  very  numerous,  care- 
fully graduated,  and  do  not  involve  the  use  of  big  numbers. 
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Junior  Arithmetic  Examination  Papers.  By  W.  S.  Beard. 
With  or  Without  Answers.  Fifth  Edition.  Fcap.  8vo,  is. 

{Junior  Examination  Series. 

Contains  900  Questions  arranged  in  Papers  of  ten  each.  Suitable  for 
candidates  for  the  Local  Examinations,  County  Scholarships,  etc. 

The  Metric  System.  By  Leon  Delbos.  With  numerous  Examples. 
Crown  8vo,  2s. 

A clear  and  practical  account  of  the  subject,  stating  its  advantages  and 
disadvantages,  the  general  principles  of  the  system,  linear  measures,  square 
and  land  measure,  cubic  measure  and  measures  of  capacity. 

A South  African  Arithmetic.  By  H.  Hill,  B.A.  Cr.  8vo,  3s.  6d. 

Contains  a number  of  examples  on  the  South  African  Weights  and 
Measures. 

Technical  Arithmetic  and  Geometry.  By  C.  T.  Millis,  M.I.M.E., 
Principal  of  the  Borough  Polytechnic  Institute.  For  use  in  Technical 
Institutes,  Modern  Schools,  and  Workshops.  Crown  Svo,  3s.  6d. 

[ Textbooks  of  Science. 

A course  in  Arithmetic,  Geometry,  and  Mensuration  intended  more 
especially  for  students  in  the  engineering  and  building  trades. 

Exercises  and  Examination  Papers  in  Arithmetic,  Logarithms, 
and  Mensuration.  By  C.  Pendlebury,  M.A.,  Senior  Mathe- 
matical Master  at  St.  Paul’s  School.  Sixth  Edition.  Crown  Svo,  2s.  6d. 
Key,  5s.  net.  [. School  Examination  Series. 

A New  Junior  Arithmetic.  By  H.  Bompas  Smith,  M.A.,  Head- 
master of  King  Edward  vii.  School,  Lytham.  Crown  Svo.  With 
Answers,  2s.  6d.  ; Without  Answers,  2s. 

In  this  book  Arithmetic  is  taught  as  the  habitual  application  of  common 
sense  to  questions  involving  number,  not  as  the  acquisition  of  mechanical 
facilities  in  certain  rules.  It  is  the  cheapest  Arithmetic  on  reform  lines  issued. 

A Short  Commercial  Arithmetic.  By  F.  G.  Taylor,  M.A 
Fifth  Edition.  Crown  8vo,  is.  6d.  [ Commercial  Series. 

A treatise  for  those  with  a fair  knowledge  of  Arithmetic  and  Algebra. 
Special  attention  is  given  to  quick  methods  of  approximation.  Contains  an 
excellent  chapter  on  the  slide  rule. 


Book-keeping 

Double  Entry  Book-Keeping.  A Complete  Treatise  on  its  Theory 
and  Practice.  By  James  Cusack,  LL.D.,  Principal  of  the  Business 
Training  College,  Finsbury  Square.  Crown  8vo,  2s.  6d. 

Covers  the  requirements  for  all  the  Elementary,  Junior,  and  Intermediate 
Examinations  held  by  the  London  Chamber  of  Commerce,  the  Royal  Society 
of  Arts,  the  National  Union  of  Teachers,  the  Oxford  and  Cambridge  Senior 
Locals,  the  College  of  Preceptors,  and  other  similar  Examinations. 

The  Principles  of  Book-Keeping  by  Double  Entry.  By  J.  E. 

B.  M ‘Allen,  M.A.,  Headmaster  of  Lowestoft  Secondary  Day  School. 
Crown  8vo,  2s.  [ Commercial  Series. 

A clear  and  intelligible  account  of  the  principles  for  those  who  have  no 
previous  knowledge  of  the  subject. 

Examination  Papers  in  Book-Keeping.  By  J.  T.  Medhurst. 
Tenth  Edition.  Crown  8vo,  3s.  Key,  2s.  6d.  net.  . 
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Geometry 


Geometry  on  Modern  Lines.  By  E.  S.  Boulton,  M.A. , Lecturer 
on  Mathematics,  Merchant  Venturers  Technical  College,  Bristol. 

C 1 A^extbook  on  the  new  method.  Only  necessary  propositions  have  been 
retained,  and  the  proofs  are  based  on  the  simplest  process  of  reasoning. 

A Preliminary  Geometry.  By  Noel  S.  Lydon,  Assistant  Master  at 
Owen’s  School,  Islington.  With  159  Diagrams.  Crown  8vo,  is. 

The  “ Preliminary  Geometry  " is  intended  for  the  use  of  beginners,  lne 
treatment  of  the  subject  is  mainly  experimental  and  practical,  and  the 
around  covered  is  sufficient  to  enable  the  pupil  to  pass  easily  to  the  study  of 
a formal  course  of  theorems.  Problems  involving  accurate  measurement  and 
arithmetical  applications  of  geometrical  principles  are  freely  used  , the  book 
is  copiously  illustrated  and  a large  number  of  useful  exercises  is  provided. 


A Junior  Geometry.  By  Noel  S.  Lydon.  With  276  Diagrams. 
Seventh  Edition.  Crown  8vo,  2s.  I Junior  School  Books. 

The  method  of  treatment  is  the  outcome  of  the  author’s  long  practical  ex- 
perience as  teacher  of  the  subject  at  Owen’s  School,  Islington.  The  group- 
ing  of  kindred  propositions,  the  demonstrations  attached  to  the  practical 
problems,  the  copious  series  of  questions  and  exercises,  and  the  methodical 
division  of  the  subject  into  lessons  of  practical  length,  are  features  calculated 
to  commend  themselves  to  both  master  and  pupil. 


Geometrical  Drawing 

Geometrical  Drawing1  for  Art  Students.  By  Sidney  A.  Switzer, 
Art  Master  and  Honours  Medallist  in  Geometry,  Examiner  to  the 
Examination  Board  of  the  N.U.T.  Fully  Illustrated.  Crown  8vo,  2s. 

This  up-to-date  textbook  is  the  result  of  twenty  years'  practical  experi- 
ence. It  is  designed  to  assist  Art  Students  generally,  and  is  suited  to  the 
requirements  of  candidates  taking  the  Board  of  Education,  Oxford  and 
Cambridge  Local,  and  College  of  Preceptors  Examinations.  The  problems 
are  well  graduated  ; suggestive  dimensions  are  inserted  in  their  enunciation  ; 
and  they  are  all  illustrated.  Each  page  is  self-contained,  so  that  there  is  no 
turning  over  in  the  study  of  any  one  problem.  Each  page  has  a correspond- 
ing set  of  exercises.  These  exercises  are  mostly  original. 

Mechanics 

Examples  in  Elementary  Mechanics,  Practical,  Graphical,  and 
Theoretical.  By  W.  J.  Dobbs,  M.A.  With  52  Diagrams.  Crown 
8vo,  5s,  (See  under  Physics , p.  39. ) 

Trigonometry 

A New  Trigonometry  for  Beginners.  By  R.  F.  D’Arcy,  M.A., 
Lecturer  on  Mathematics  at  Gonville  and  Caius  College,  Cambridge. 
With  numerous  Diagrams.  Crown  8vo,  2s.  6d. 

Among  the  special  features  of  this  book  are : — The  introduction  of  ex- 
periments in  practical  geometry  to  lead  up  to  many  of  the  topics  considered  ; 
the  use  throughout  the  book  of  four-figure  tables  ; the  regulation  of  the 
special  consideration  of  the  trigonometrical  ratios  of  angles  of  30,  43,  60,  120, 
135,  and  150  degrees  to  a few  worked-out  examples. 

Trigonometry  Examination  Papers.  By  the  Rev.  G.  IT.  Ward, 
M.A.  Fourth  Edition.  Crown  8vo,  2s.  6d.  Key,  5s.  net. 
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Outlines  of  Biology.  By  P.  Chalmers  Mitchell,  D.Sc.(Oxon,), 
M.A.(Aberdon.  et  Oxon.),  F.R.S.,  F.L.S.,  Secretary  to  the  Zoological 
Society,  London,  late  Lecturer  in  Biology  and  Comparative  Anatomy, 
London  Hospital  Medical  College,  University  of  London.  Revised  by 
Geo.  P.  Mudge,  A.R.C.Sc.(Lond.),  F.Z.S.,  Lecturer  on  Biology  and 
Comparative  Anatomy,  London  Hospital  Medical  College,  University 
of  London,  and  the  London  School  of  Medicine  for  Women,  University 
of  London.  With  Diagrams  and  many  new  half-tone  Illustrations. 
Crown  8vo,  6s.  net. 

The  book  is  primarily  written  to  meet  the  needs  of  students  preparing  for 
the  examinations  of  the  Conjoint  Board  of  the  Royal  Colleges  of  Physicians 
and  Surgeons  of  England.  But  it  covers  to  a great  extent  the  syllabuses  of 
other  examining  bodies,  and  students  reading  for  the  L.L.A.,  for  Durham 
University,  for  the  Conjoint  Colleges  of  Scotland,  and  for  the  first  Medical 
examination  of  London  University  will  find  a great  deal  of  the  required 
ground  covered  by  its  contents.  The  book  has  been  brought  up  to  date, 
and  the  additional  types  recently  introduced  into  the  syllabus  of  the  Con- 
joint Colleges  are  now  included.  New  Chapters  on  Histology,  on  the 
structure  of  stem,  root,  and  leaf,  and  many  fresh  illustrations  in  half-tone 
have  been  added. 

Elementary  Zoology.  By  C.  A.  Ealand,  M.A.,  F.L.S.,  late  Principal 
of  the  County  Laboratories,  Chelmsford.  With  numerous  Diagrams 
and  Illustrations.  Crown  8vo,  2s.  6d. 

Primarily  designed  to  meet  the  needs  of  students  reading  for  the  Cam- 
bridge Junior  and  Senior  Local  Examinations,  the  London  Matriculation 
Examination  and  Stage  I.  Zoology  Examination  of  the  Board  of  Education, 
this  book  also  serves  as  a general  introduction  to  Zoology. 

With  structural  adaptation  as  the  keynote,  members  of  all  the  more  im- 
portant classes  of  the  animal  kingdom  are  reviewed,  and  certain  types  are 
selected  for  detailed  consideration,  in  the  laboratory  and  in  the  field. 
Suggestions  for  practical  work  and  for  obtaining  and  preserving  specimens 
are  given  in  each  chapter. 

Agricultural  Zoology.  By  Dr.  J.  Ritzema  Bos.  Translated  by  J. 
R.  Ainsworth  Davis,  M.  A.  With  155  Illustrations.  Second  Edition. 
Crown  8vo,  3s.  6d. 

A condensed  review  of  the  entire  animal  kingdom,  treating  in  some  detail 
the  animals  harmful  or  helpful  to  agriculture.  It  is  a manual  suitable  not 
only  for  students,  but  also  for  the  practical  farmer  and  general  reader. 

Preliminary  Physiology.  By  William  Narramore,  F.L.S.,  M.R. 
San.  Inst.,  Lecturer  in  Physiology,  Hygiene,  Biology,  and  Botany, 
Municipal  Technical  School,  Liverpool.  Crown  Svo,  3s.  6d. 

[ Textbooks  of  Science. 

This  book  aims  at  giving  systematic  instruction  in  relation  to  the 
essential  functions  of  the  human  body.  The  many  original  drawings, 
sketches,  and  photomicrographs  have  been  prepared  directly  from  speci- 
mens. The  book  meets  the  requirements  of  the  Board  of  Education, 
the  Oxford  and  Cambridge  Locals  (Senior),  the  College  of  Preceptors, 
Candidates  for  Matriculation,  and  the  several  examinations  in  Physiology 
held  for  students  in  Hygiene,  Physical  Culture,  Cookery,  for  nurses  in 
Probation,  and  students  preparing  for  examinations  in  Law,  Insurance, 
and  Accountancy,  where  Physiology  is  now  demanded. 
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Dairy  Bacteriology-  A Short  Manual  for  Students  in  Dairy  Schools 
Cheese-makers,  and  Farmers.  By  Dr.  Ed.  von  Freudenreich. 
Translated  by  J.  R.  Ainsworth  Davis,  M.A.  Second  Edition, 
Revised.  Crown  8vo,  2s.  6d. 

A brief  treatise  on  bacteriology  as  applied  to  dairying.  For  students  who 
mean  to  become  cheese-makers  or  dairymen,  it  is  only  necessary  to  get  a 
general  idea  of  bacteriology  and  to  become  familiarised  with  the  results  so 
far  attained  by  bacteriological  research  as  regards  dairying,  and  the  practical 
application  of  the  same.  The  author  has  therefore  introduced  only  so  much 
of  the  general  part  of  bacteriology  as  is  absolutely  necessary  for  the  com- 
prehension of  the  bacteria  of  milk,  and  has  made  the  whole  as  brief  and 
elementary  as  possible. 

Insect  Life.  By  F.  V.  Theobald,  M.A.  Illustrated.  Second  Edition, 
Revised.  Crown  8vo,  2s.  6d. 

A short  account  of  the  more  important  characteristics  of  insects,  dealing 
with  their  economic  value  at  the  same  time. 


An  Elementary  Textbook  of  Agricultural  Botany.  By  M.  C. 

Potter,  M.A.,  F.L.S.,  Professor  of  Botany,  Armstrong  College, 
Newcastle-on-Tyne.  Illustrated.  Third  Edition.  Crown  8vo,  4s.  6d. 

A textbook  of  Botany  intended  more  especially  for  agricultural  students. 
Considerable  space  is  devoted  to  vegetable  physiology. 

Elementary  Lessons  on  Plant  Life.  By  D.  G.  Scott,  M.Sc., 
Assistant  Lecturer  and  Demonstrator  in  Botany  in  the  University  of 
Liverpool.  With  many  Diagrams  and  Illustrations.  Crown  8vo,  2s.  6d. 

Designed  for  use  in  the  Lower  Forms  of  Secondary  Schools,  and  for 
private  study  in  the  Upper  Standards  of  Elementary  Schools,  the  book 
will  be  found  useful  for  the  Oxford  and  Cambridge  Junior  Locals,  the 
National  Froebel  Union  Certificate,  and  other  Examinations.  Suggestions 
for  practical  work  head  each  chapter,  and  special  attention  has  been  paid 
to  the  difficulties  experienced  in  nature-study  in  town  schools. 

Plant  Life.  Studies  in  Garden  and  School.  By  Horace  F.  Jones, 

Science  Master,  Uxbridge  County  School.  With  320  Illustrations. 

Crown  8vo,  3s.  6d.  [ Textbooks  of  Science. 

A handbook  for  teachers  of  botany.  A large  number  of  experiments  are 
included,  and  full  nature-study  notes  on  all  plants  usually  studied  in  the 
class-rooms  are  given.  It  is  recommended  by  the  Board  of  Education  in 
"Suggestions  on  Rural  Education,"  page  42. 

"This  volume  furnishes  just  the  right  kind  of  course,  both  in  garden  work 
and  in  class-room  experiments,  which  is  likely  to  stimulate  a permanent  interest 
in  the  mind  of  the  pupil  and  lead  him  to  continue  his  investigations  after  he  has 
left  school.  We  have  great  pleasure  in  recommending  the  book." — Schoolmaster. 


A Concise  History  of  Chemistry.  By  T.  P.  Hilditch,  D.Sc. 
(London),  A.I.C.,  F.C.S.  Crown  8vo,  2s.  6d. 

Primarily  intended  as  a help  to  chemical  students,  more  particularly 
those  studying  for  University  or  advanced  technical  examinations,  this 
book  will  also,  it  is  hoped,  prove  serviceable  to  general  readers  who  may 
wish  to  have  a concise  outline  of  the  development  of  chemistry.  Com- 
mencing with  a general  survey  of  the  chemistry  of  the  Ancients  and  the 
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* f !v,  A£es’  1 le  aiithor  shows  how  the  modern  science  evolved  from  th^se 
and  then  proceeds  to  the  history  of  the  various  branches  — elements’ 
minerals,  organic,  technical  and  physical  chemistry,  etc.  A glossary  of 
the  most  notable  names  in  chemistry  is  added,  and,' as  far  as  possible^ the 
sequences  of  facts  or  theories  have  been  summarised  in  tables  which 

meTry  °f  the  student  preparing  for  examinations,  may 
oe  omitted  by  the  casual  reader.  7 


Elementary  Chemical  Theory.  By  J.  M.  Wadmore,  M.A.,  Senior 
Science  Master  at  Aldenham  School.  With  Diagrams.  Crown  8vo 
3s.  od. 

This  book  is  intended  principally  for  the  middle  and  senior  students  of 
Chemistry  at  Public  and  Secondary  Schools.  It  is  almost  entirely  occupied 
with  the  chief  aspects  of  the  atomic  and  molecular  theories. 

“We  know  of  no  book  on  elementary  chemical  theory  which  we  could 
more  strongly  recommend.”— Journal  of  Education. 

“If  we  were  asked  to  recommend  a guide  to  the  elements  of  chemical 
theory  suitable  for  students  at  an  early  period  of  their  work,  we  could 
suggest  nothing  better  than  this  book.”-  ^ ’ ’ 


-Knowledge. 


Higher  Mathematics  for  Chemical  Students.  ByJ.  R.  Partington, 
B.Sc.,  Graduate  Scholar  and  Beyer  Fellow  of  the  University  of  Man- 
chester. . With  Forty-four  Diagrams.  Crown  8vo,  5s. 

In  this  book  the  principles  of  the  Infinitesimal  Calculus  and  Differential 
Equations  are  developed  from  the  most  elementary  foundations,  and  with 
special  reference  to  chemistry.  Since  the  application  of  mathematics  is  now 
necessary,  not  only  in  physical  chemistry,  but  also  in  organic  and  inorganic 
chemistry  and  metallurgy,  the  book  is  addressed  to  a wide  circle  of  readers. 


Inorganic 

Elementary  Experimental  Chemistry.  By  A.  E.  Dunstan,  D.Sc. 
(Lond.),  Head  of  the  Chemical  Department,  East  Ham  Technical 
College.  With  109  Diagrams.  Third  Edition.  Crown  8vo,  2s. 

[_  Junior  School  Books. 

The  arrangement  for  this  book  is  modelled  on  that  of  “Elementary 
Experimental  Science.”  The  subject  is  treated  experimentally,  and  covers 
the  necessary  ground  for  Oxford  and  Cambridge  Junior  Locals,  College 
of  Preceptors  (Second  Class),  and  Board  of  Education  (First  Stage) 
Examinations.  The  author  believes  that  the  method  adopted  is  truly 
educational.  The  subject  is  developed  in  a logical  sequence,  and  wherever 
possible,  historically. 

An  Elementary  Text  Book  of  Inorganic  Chemistry.  By  R. 
Lloyd  Wiiiteley,  F.I.C.,  Principal  of  the  Municipal  Science  School, 
West  Bromwich.  Second  Edition.  Crown  8vo,  2s.  6d. 

This  book  has  been  written  primarily  for  the  use  of  those  who  are  com- 
mencing the  Study  of  Theoretical  Inorganic  Chemistry  on  the  lines  laid 
down  for  Stage  I.  of  that  subject  in  the  Syllabus  issued  by  the  Board  of 
Education.  The  subject-matter  of  that  Syllabus  has  consequently  been 
fully  discussed. 

A Junior  Chemistry.  By  E.  A.  Tyler,  B.A.,  F.C.S.,  Head  of  the 
Chemical  Department,  Swansea  Technical  College.  With  78  Illustra- 
tions. Sixth  Edition.  Crown  8vo,  2s.  6d.  [ Junior  School  Books. 

The  first  twenty-three  pages  are  devoted  to  the  necessary  physical  laws 
and  processes.  The  purification  and  properties  of  water  are  used  to  illus- 
trate these  processes.  The  student  is  thus  led  by  a continuous  chain  of 
reasoning  through  the  preparation  of  pure  water  to  the  chemistry  of  water, 
and  hence  to  a knowledge  of  the  fundamental  principles  of  chemistry.  The 
middle  portion  of  the  book  treats  of  these  principles,  and  then  follows 
the  study  of  certain  typical  elements  and  compounds.  Problems  and 
Examination  Papers  are  appended. 
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a Textbook  of  Inorganic  Chemistry.  By  G.  Senter,  D.Sc., 
Ph  D Lecturer  at  St.  Mary’s  Hospital  Medical  School,  Author  of 
“ Outlines  of  Physical  Chemistry.”  With  many  Diagrams.  Crown  Svo. 
gs  {Textbooks  of  Science. 

The  book  is  designed  as  a general  introduction  to  the  study  of  Inorganic 
Chemistry.  It  is  written  throughout  from  the  modem  standpoint,  so  that 
the  student  who  has  worked  through  it  should  be  in  a position  to  profit 
from  the  reading  of  original  papers,  and  to  proceed  without  difficulty  to  the 
study  of  advanced  works  on  the  different  branches  of  the  subject.  I he 
theoretical  part  of  the  subject  is  distributed  throughout  the  book,  and  as 
far  as  possible  the  facts  on  which  the  theories  and  hypothesis  are  based  are 
given  before  the  statement  of  the  theories  themselves.  The  great  importance 
to  the  student  of  learning  to  draw  a clear  distinction  between  facts  and 
theories  is  kept  in  mind  throughout.  The  book  is  suitable  for  the  Inter- 
mediate and  Pass  B.Sc.  University  Examinations  and  other  examinations 
of  similar  scope. 

The  Complete  School  Chemistry.  By  F.  M.  Oldham,  B.A.,  Senior 
Chemistry  Master  at  Dulwich  College.  With  125  Illustrations.  Fifth 
Edition.  Crown  8vo,  4s.  6d. 

A complete  course  in  practical  and  theoretical  chemistry  up  to  the 
standard  of  the  London  Matriculation  and  Army  Entrance  Examination. 
It  is  so  arranged  that  a boy  with  no  knowledge  of  chemistry  may  begin  the 
book  and  use  it  throughout  his  progress  up  the  school.  Short  courses  on 
volumetric  analysis  and  on  the  common  metals  are  included. 

Practical  Chemistry.  By  W.  French,  M.  A.,  Director  of  Education  for 
Lancaster.  Parti.  Fifth  Ed.  Cr.  8vo,  is.  6d.  {Textbooks  of  Science. 

A course  on  purely  inductive  lines  dealing  with  evaporations  and  distilla- 
tions, filtration  solubility,  air,  water,  chalk,  soda,  common  salt,  sugar,  com- 
pound and  simple  matter,  etc. 

Practical  Chemistry.  By  W.  French,  M.A.,  and  T.  H.  Boardman, 
M.A.,  Science  Master  at  Christ’s  Hospital.  Part’  II.  Crown  Svo, 
is.  6d.  {Textbooks  of  Science. 

A continuation  of  the  above  dealing  with  gases,  laws  of  chemical  com- 
bination, equivalents,  atomic  theory,  molecular  weights,  symbols,  sulphur, 
nitrogen,  carbon,  and  their  compounds,  salts,  acids,  bases,  valency. 

A Practical  Chemistry  Notebook  for  Matriculation  and.  Army 
Candidates.  Easy  Experiments  on  the  Commoner  Substances.  By 
S.  E.  Brown,  M.A.,  B.Sc.,  Senior  Science  Master  at  Uppingham. 
Crown  4to,  is.  6d.  net. 

The  method  is  based  on  practical  experience,  and  aims  at  maintaining 
interest  by  ensuring  success  and  accuracy  in  experimenting.  The  chief 
objects  in  view  are : — (1)  a logical  sequence  in  work  and  accurate  experi- 
menting by  demonstration  of  practical  use  of  apparatus ; (2)  to  allow  the 
teacher  more  time  for  individual  attention,  and  to  keep  the  class  together  at 
work  on  the  same  experiment.  This  is  done  by  providing  a series  of 
practical  problems  to  keep  the  more  rapid  workers  employed,  as  well  as  for 
use  in  revision.  Working  for  two  hours  (practical)  per  week,  the  course 
should  be  completed  in  about  three  terms.  There  are  spaces  provided  for 
notes  to  be  taken  by  the  pupil. 

A Senior  Experimental  Chemistry.  By  A.  E.  Dunstan,  D.Sc. 
(Lond.).  With  Diagrams  and  Illustrations.  Crown  Svo,  3s.  6d. 

This  volume  is  intended  as  a supplement  to  the  author’s  well-known 
text-books,  “Elementary  Experimental  Science"  and  "Elementary  Experi- 
mental Chemistry.”  It  will  contain  sufficient  matter  to  provide  for  the 
remainder  of  a boy’s  school  career,  and  will  build  up  a sound  development 
of  modern  chemical  theory  on  the  experimental  foundation  of  his  first  two 
years’  work. 
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The  treatment  will  be  based  on  the  Periodic  Classification,  preceded  by 
a discussion  of  the  Atomic  and  Molecular  Theories  with  the  rudiments  ot 
Physical  Chemistry,  Thermochemistry,  and  Crystallography.  The  necessary 
Practical  Chemistry  will  be  incorporated  and  a section  on  Qualitative 
Analysis  with  the  elements  of  Volumetric  Analysis  will  complete  the  course. 
It  is  believed  that  this  book  will  be  of  use  to  Second  Year  Students  in 
Technical  Institutes. 


A Practical  Chemistry  for  Technical  Institutes.  By  A.  E. 

Dunstan,  D.Sc.  ; and  F.  B.  T.  Thole,  B.Sc.,  Lecturer  in  Organic 
Chemistry,  East  Ham  Technical  College.  Crown  8vo,  3s.  6d. 

_ {Textbooks  of  Science. 

i his  Course  of  Practical  Chemistry  meets  the  requirements  of  the  Upper 
Forms  of  Secondary  Schools,  where  a good  elementary  foundation  has  been 
laid  in  the  nidiments  of  manipulation.  The  book  will  be  found  useful  also 
for  classes  in  Technical  Institutes  and  will  cover  the  following  ground : — 
Qualitative  Analysis,  of  simple  substances  and  of  mixtures,  Volumetric 
Analysis,  Simple  Gravimetric  Analysis,  Preparation  of  Pure  Compounds, 
More  difficult  Quantitative  Analysis,  Qualitative  Organic  Analysis,  Ultimate 
Organic  Analysis,  General  Organic  Determinations,  Determination  of 
Physical  Constants. 


An  Introduction  to  Quantitative  Analysis.  By  S.  J.  M.  Auld, 
D.Sc.(Lond. ),  Ph.D.(Wiirzburg),  F.I.C.,  F.C.S.,  Head  of  the  Chemical 
Department,  South-Eastern  Agricultural  College,  Wye.  With  many 
Diagrams.  Crown  8vo,  5s. 

This  book  is  a carefully  selected  study  of  the  elements  of  quantitative 
analysis,  providing  a thorough  introductory  course,  whereby  the  student  is 
prepared  for  his  more  specialised  analytical  work,  details  and  considerations 
of  which  are  best  obtained  from  the  standard  treatises  and  monographs. 

Duplication  is  largely  avoided  by  giving  alternative  methods  for  subse- 
quent estimations  of  the  same  type.  Special  features  are  a theoretical 
chapter  on  indicators,  and  a description  of  exact  laboratory  methods  for 
the  determination  of  equivalents,  etc. 

The  textbook  contains  all  the  inorganic  quantitative  work  required  for 
the  Board  of  Education  examinations  and  the  Inter  and  Final  B.Sc.  Courses. 


It  will  be  noted  that  a complete  and  consistent  school  course  in  Experimental 

Chemistry,  extending  over  five  years,  can  be  covered  from  Messrs.  Methuen's 

list,  as  follows  : — 

First  Year Elementary  Experimental  Science,  see  p.  38, 

Chemistry  Section,  by  A.  E.  Dunstan. 

Second  Year Elementary  Experimental  Chemistry,  by  A.  E. 

Dunstan. 

Third  and  Fourth  Years  . A Senior  Experimental  Chemistry,  by  A.  E.  Dunstan. 

Fifth  Year A Practical  Chemistry  for  Technical  Institutes,  by  A. 

E.  Dunstan  and  F.  B.  T.  Thole  ; and 
An  Organic  Chemistry  for  Schools  and  Institutes,  by 
A.  E.  Dunstan. 

Organic 

An  Organic  Chemistry  for  Schools  and  Technical  Institutes. 

By  A.  E.  Dunstan,  D.Sc.  With  2 Plates  and  many  Diagrams.  Crown 
8vo,  2s.  6d.  [ Textbooks  of  Science, 

This  book,  which  has  not  been  prepared  to  meet  the  requirements  of  any 
particular  examining  body,  is  intended  for  the  use  of  the  higher  forms  of 
schools  taking  the  Special  Science  Course,  and  as  a first-year  textbook 
in  Technical  Institutes.  The  author  does  not  follow  the  conventional 
separation  of  Organic  Chemistry  into  the  two  ipso  facto  inseparable  domains 
of  Aliphatic  and  Aromatic  compounds,  but  endeavours  to  give  a bird’s-eye 
view  of  the  more  prominent  features  in  the  Science. 
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Second  Year  Organic  Chemistry  for  Schools  and  Technical 
Institutes.  By  F.  B.  T.  Thole,  B.  Sc. , Lecturer  in  Organic  Chemistry, 
East  Ham  Technical  College.  With  Plates  and  Diagrams.  Crown  8vo, 
2Si  6d.  [ Textbooks  of  Science. 

/ 

This  book  forms  Vol.  II.  of  a series  designed  to  meet  the  requirements  of 
students  in  technical  institutes.  It  deals  with  that  portion  of  the  subject 
necessary  for  the  second  year  student,  and  covers  the  syllabus  for  Stage  II. 
of  the  examination  held  by  the  Board  of  Education.  It  is  hoped,  however, 
that  it  will  be  found  useful  for  those  students  taking  the  first  year  of  their 
B.Sc.  Course. 

The  book  contains  an  account  of  the  properties  of  the  carbo-cyclic 
compounds,  their  general  synthesis,  and  their  utilisation  for  industrial  and 
scientific  purposes.  Questions  of  constitution  and  the  chief  reactions 
associated  with  this  class  of  compound  are  fully  discussed  and  carefully 
explained. 


Third  Year  Organic  Chemistry  for  Schools  and  Technical 
Institutes.  By  T.  P.  Kilditch,  D.Sc.(Lond.),  F.I.C.  Author 
of  “A  Concise  History  of  Chemistry.”  With  Plates  and  Diagrams. 
Crown  8vo,  3s.  [ Textbooks  of  Science. 

This  book  completes  the  course  of  organic  chemistry  whose  earlier  stages 
have  been  dealt  with  by  Dr.  Dunstan  (Part  I.)  and  Mr.  Thole  (Part  II.). 
It  is  occupied  for  the  most  part  with  the  systematic  study  of  the  different 
groups  of  heterocyclic  compounds,  especially  those  of  practical  or  com- 
mercial value.  The  alkaloids,  purines,  and  other  cyclic  urea  derivatives, 
and  numerous  important  dyestuffs  fall  within  the  scope  of  these  chapters. 
The  remainder  of  the  book  deals  with  the  polypeptides,  the  terpenes,  and 
some  general  problems  such  as  the  characteristics  of  residual  affinity.  The 
work  is  suited  to  the  needs  of  honours  students  in  this  subject,  either  for  the 
B.Sc.  or  the  Board  of  Education  examinations. 


The  Identification  of  Organic  Compounds.  By  F.  B.  T.  Thole, 
B.Sc.  With  an  Introduction  by  A.  E.  Dunstan,  D.Sc.  Crown  8vo, 
is.  6d. 

This  book  is  reprinted,  with  additions,  from  the  authors'  “ Practical 
Chemistry  for  Technical  Institutes”  in  such  a form  as  to  be  self-contained. 
It  deals  with  Organic  Qualitative  Analysis,  both  of  simple  compounds  and 
mixtures.  A large  range  of  organic  derivatives  is  dealt  with,  and  the  author 
confidently  believes  that  the  scheme  will  carry  a student  through  the  Organic 
Section  of  his  Honours  Degree  Course. 

A complete  list  of  melting  and  boiling  points  is  given,  the  substances 
being  classified  into  their  groups.  Throughout  conciseness  and  compact- 
ness have  been  aimed  at,  so  that  the  student  will  have  the  information 
needed  always  at  hand  in  an  accessible  form. 


Modern  Research  in  Organic  Chemistry.  By  F.  G.  Pope,  B.Sc. 
(Lond.),  F.C.S.,  Lecturer  in  Organic  Chemistry,  East  London  College! 
Crown  8vo,  7s.  6d.  [ Textbooks  of  Science. 

This  volume  is  an  attempt  to  bring,  in  a concise  form,  the  development 
of  some  of  the  more  important  branches  of  organic  chemistry  before  the 
chemical  student.  The  results  of  the  most  recent  research  work  are 
embodied  in  the  text,  and  a bibliography  is  given  at  the  end  of  each 
chapter,  so  that  the  student  may  be  able  to  make  use  of  current  literature. 
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Physical 

A First  Year  Physical  Chemistry.  By  T.  P.  Hilditch,  D.Sc. 
(Lond.),  F.I.C.  Crown  8vo,  2s.  [Textbooks  of  Science. 

An  attempt  to  render  this  branch  of  chemistry  more  easy  to  those 
commencing  its  study.  The  more  elementary  outlines  of  the  subject  are 
treated,  as  far  as  possible,  from  the  standpoint  of  practical  use  in  solving 
chemical  problems  ; accordingly,  the  first  part  of  the  book  is  devoted  to 
characteristic  properties  such  as  density  or  refractivity.  Later  chapters 
include  introductions  to  the  physico-chemical  theories  of  gases  and  of 
solutions  and  the  more  important  applications  of  these  theories  to  pure 
chemistry.  The  book  should  prove  useful  to  Inter.  B.Sc.  and  Final  (Pass) 
B.Sc.  candidates,  as  well  as  those  taking  Board  of  Education  examinations. 

Outlines  of  Physical  Chemistry.  By  George  Setter,  B.Sc., 
Ph.D.,  Lecturer  in  Chemistry  at  St.  Mary’s  Hospital  Medical  School. 
With  many  Diagrams.  Second  Edition,  Revised  and  Enlarged.  5s. 

[ Textbooks  of  Science. 

This  book  is  designed  to  serve  as  a general  introduction  to  Physical 
Chemistry,  and  is  specially  adapted  to  the  needs  of  electrical  engineers,  to 
whom  an  acquaintance  with  the  general  principles  of  this  subject  is  becoming 
of  increasing  importance.  Particular  attention  is  devoted  to  the  theory  of 
solutions  and  to  the  modem  developments  of  electro  - chemistry.  Only 
an  elementary  knowledge  of  mathematics  is  assumed. 

Physico-Chemical  Calculations.  By  Joseph  Knox,  D.Sc.,  Lecturer 
on  Inorganic  Chemistry,  Aberdeen  University.  Crown  8vo,  2s.  6d. 

[ Textbooks  of  Science. 

This  book  is  intended  for  students  of  physical  chemistry,  as  a supplement 
to  the  theoretical  matter  of  lectures  and  textbooks.  Here  the  theory  is 
applied  to  the  solution  of  practical  problems.  The  book  contains  eleven 
chapters,  dealing  with  the  main  subdivisions  of  physical  chemistry.  Each 
chapter  consists  of  a short  introduction  dealing  with  the  theory  required  for 
the  solution  of  the  problems,  a series  of  typical  problems  with  complete 
solutions,  and  a list  of  problems  for  solution  with  answers.  Practically 
all  the  problems  have  been  taken  from  the  original  literature  of  the  subject, 
and  by  a careful  study  of  the  solved  problems  the  student  should  leam  much. 
The  large  collection  of  problems  for  solution  should  prove  useful  to  teachers. 


General  Science 

Elementary  Experimental  Science.  Physics  by  W.  T.  Clough, 
A.R.C.S.,  Head  of  the  Physics  and  Electrical  Engineering  Department, 
East  Flam  Technical  College  ; Chemistry  by  A.  E.  Dunstan,  D.Sc., 
With  2 Plates  and  154  Diagrams.  Ninth  Edition.  Crown  8vo,  2s.  6d. 

[Junior  School  Books. 

This  book  is  primarily  intended  for  the  use  of  candidates  taking  Experi- 
mental Science  in  the  Junior  Local  Examinations.  It  will  also  be  found  of 
use  to  those  competing  for  County  Council  Intermediate  Scholarships,  and 
as  a general  textbook  in  Science  Schools.  The  great  majority  of  the 
Diagrams  have  been  specially  drawn. 

Elementary  Science  for  Pupil  Teachers.  Physics  Section  by 
W.  T.  Clough  ; Chemistry  Section  by  A.  E.  Dunstan.  With 
many  Illustrations.  Crown  Svo,  2s.  [Textbooks  of  Science. 

A textbook  to  meet  the  new  requirements  of  the  Elementary  Science  section 
of  the  Preliminary  Examination  for  the  Certificate  on  the  same  lines  as  above. 
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General  Elementary  Science.  By  J.  T.  Dunn,  D.Sc.,  and  V.  A. 
Mundella,  Principal  of  Sunderland  Technical  College.  With  114 
Illustrations.  Second  Edition.  Crown  8vo,  3s.  6d. 

An  intermediate  course  in  Physics  and  Chemistry  for  London  Matricula- 
tion. It  is  the  textbook  adopted  by  the  Admiralty  for  Elementary  Science 
at  Greenwich  College. 

The  World  of  Science.  By  R.  Elliott  Steel,  M.A.,  F.C.S.,  Science 
Master  at  Sherborne  School.  With  147  Illustrations.  Second  Edition. 
Crown  8vo,  2s.  6d. 

An  elementary  account  of  Chemistry,  Heat,  Light,  Sound,  Magnetism, 
Electricity,  Botany,  Zoology,  Physiology,  Astronomy,  and  Geology  written 
in  an  interesting  manner  for  children. 

Geology 

The  Scientific  Study  of  Scenery.  By  J.  E.  Marr,  F.R.S.,  Fellow  of 
St.  John’s  College,  Cambridge.  Third  Edition.  Illustrated.  Crown 
8vo,  6s. 

An  elementary  treatise  on  geomorphology  for  geographers.  As  far  as 
possible  technical  terms  have  been  avoided  to  render  it  intelligible  to  the 
general  reader  who  wishes  to  obtain  some  notion  of  the  laws  which  have 
controlled  the  production  of  the  earth’s  principal  scenic  features. 

Agricultural  Geology.  By  J.  E.  Marr,  F.R.S.  Illustrated.  Crown 
8vo,  6s. 

A textbook  of  geology  for  agricultural  students,  more  especially  such  as 
are  preparing  for  the  International  Diploma  in  agriculture. 

Physics 

First  Year  Physics.  By  C.  E.  Jackson.  With  51  Illustrations. 
Crown  8vo,  is.  6d.  [Textbooks  of  Science. 

This  book  deals  with  such  subjects  as  may  reasonably  be  included  in  a 
first  year  course  of  Physics  for  Secondary  Schools,— the  processes  of  measure- 
ment and  the  elementary  principles  of  Hydrostatics  and  Mechanics. 

Examples  in  Physics.  By  C.  E.  Jackson,  M.A.,  Senior  Physics 
Master  at  Bradford  Grammar  School.  Second  Edition.  Crown  8vo, 
2s.  6d.  [Textbooks  of  Science. 

A collection  of  over  one  thousand  original  problems  on  Mensuration, 
Hydrostatics,  Mechanics,  Heat,  Light,  Magnetism,  Frictional  Electricity, 
Current  Electricity  and  Sound,  covering  the  average  Physics  course  in 
Secondary  Schools. 

Elementary  Practical  Physics.  By  Henry  Stroud,  D.Sc.,  M.A., 
Professor  of  Physics,  Armstrong  College,  Newcastle-on-Tyne.  With 
Diagrams.  Third  Edition.  Crown  8vo,  4s.  6d. 

An  introduction  to  practical  work  in  a Physical  Laboratory  and  the 
standard  works  on  the  subject. 

Elementary  Experimental  Electricity  and  Magnetism.  By  W. 

T.  Clough,  A.R.C.Sc.,  F.C.S.,  Fellow  of  the  Physical  Society,  Head 
of  the  Department  of  Physics  and  Electrical  Engineering,  East  Ham 
Technical  College.  With  235  Illustrations  and  198  Experiments.  Crown 
8vo,  2s.  6d.  [ Textbooks  of  Science. 

This  book  is  intended  for  the  use  of  students  taking  Electricity  and 
Magnetism  in  the  Junior  Local  Examinations,  and  for  those  taking  Stage  I. 
in  the  Board  of  Education  Examinations.  It  is  hoped  that  it  will  be 
found  useful  as  an  introductory  course  to  the  subject  of  Electrical 
Engineering. 
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The  Ppmcipies  °f  Magnetism  and  Electricity.  By  P.  L Gray 

3s  6d.  1Cmentary  Textb00k-  With  181  Diagrams.  Crown  8vo,’ 

™,Alt  »£Ugh  n0-t  wrltten  t0  any  special  syllabus,  the  book  will  approximately 
cover  the  requirements  of  the  Advanced  Stage  of  the  Board  of? Education 
Examination,  and  London  B.Sc.  Pass  Examination.  It  is  well  illustrated 

"**  Wi,h  * U’tk  '-SS 

Examples  in  Elementary  Mechanics,  Practical,  Graphical,  and 
Theoretical.  By  W.  J.  Dobbs,  M.A.  With  52  Diagrams.  Crown 
V°’  ,S'  . {Textbooks  of  Science. 

ArJ,hlS  b?°M  15  I^ten^Jd  for  use  at  Schools  and  Technical  Institutes,  for 
Arm)  and  Navy  Candidates  and  Students  of  Engineering.  It  consists  of 
™PleS  ln  Elementary  Statics  and  Kinetics  exhibiting  the  latest 
development  in  the  methods  of  teaching  these  subjects.  But  it  is  something 
more  than  a mere  collection  of  examples,  being  designed  for  use  without  an 
Zmry!^  textbook.  The  preparation  and  use  of  simple  inexpensive 
apparatus  is  described,  and  the  numerous  practical  examples  requiring  the 
use  of  such  apparatus  have  been  found  to  give  satisfactory  results.  & 

Weighing:  and  Measuring.  A Short  Course  of  Practical  Exercises  in 
Elementary  Mathematics  and  Physics,  by  W.  J.  Dobbs,  M.A.,  Assistant 
Master  at  Oundle  School.  With  47  Diagrams.  Crown  8vo,  2s. 

Contents.  I Measurement  of  Length ; II.  Weighing;  III.  Measure- 
me£‘?fArfa:  IV-  Measurement  of  Volume ; V.  Density  and  Specific  Gravity. 

1 his  volume  covers  that  common  ground  between  Elementary  Mathema- 
tics and  Physics  which  is  necessary  to  give  reality  to  the  former,  and  which 
is  indispensable  before  taking  up  any  serious  study  of  the  latter.  By  common 
consent,  a course  of  Weighing  and  Measuring  is  now  an  essential  part  of 
school  training  in  Elementary  Mathematics.  Care  has  been  taken  to  keep 
the  scope  of  the  book  well  within  the  reach  of  the  great  majority  of  senior 
school  children  of  both  sexes. 


Practical  Mechanics.  By  Sidney  H.  Wells,  Wh.Sc.,  A.M.Inst.C.E., 
late  Principal  of  the  Battersea  Polytechnic,  London.  An  Elementary 
Manual  for  the  use  of  Students  in  Science  and  Technical  Schools  and 
Classes.  With  75  Illustrations  and  Diagrams.  Fifth  Edition.  Crown 
Svo,  3s.  6d.  {Textbooks  of  Science. 

A laboratory  handbook  containing  all  the  mechanics  part  of  the  ele- 
mentary science  syllabus  of  the  Headmasters’  Association  and  the  London 
Matriculation. 


Intermediate  Physics.  By  W.  H.  White,  M.A.,  B.Sc.,  A.R.C.Sc., 
Lecturer  at  the  East  London  College  and  St.  Mary’s  Hospital  Medical 
School,  Examiner  in  the  University  of  London,  etc.  With  many 
Diagrams.  Crown  8vo,  7s.  6d.  {Textbooks  of  Science. 

The  book  traces  the  establishment  of  the  Principles  of  Physics  and  draws 
from  modern  everyday  life  abundant  instances  of  their  application,  instead 
of  giving  detailed  descriptions  of  time-honoured  experiments.  It  amply 
covers  the  ground  of  the  "Intermediate"  examinations  of  London  and 
other  British  Universities.  Paragraphs  are  marked  to  facilitate  its  use  by 
medical  students,  and  some  prominence  is  given  to  physiological  matters. 

Physics  Examination  Papers.  By  R.  Elliott  Steel,  M.A., 
Science  Master  at  Sherborne  School.  Crown  8vo,  2s.  6d. 

{School  Examination  Series. 

Papers  on  Sound,  Light,  Heat,  Magnetism,  and  Electricity.  Both  book- 
work  and  problems  are  included. 
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TECHNOLOGY 

[See  also  under  “ Domestic  Science  ”) 

A Woodwork  Class-Book.  Beginner’s  Course.  By  H.  Hey,  Inspector 
of  Day  Manual  and  of  Technological  Classes,  Surrey  Education 
Committee,  and  G.  H.  Rose,  Headmaster,  Coulsdon  Council  School, 
City  and  Guilds  Woodwork  Teacher.  With  full  Diagrams  and  Photo- 
graphs. 4to,  2s. 

This  class-book  is  the  first  of  a series  of  three,  in  which  the  work  is 
arranged  on  a threefold  plan  of  Correlated  Lessons  in  Drawing,  Tools  and 
Materials,  and  School  Workshop  Practice.  The  schemes  have  been  approved 
by  the  Board  of  Education. 

Manual  Training1  Drawing  (Woodwork).  Its  Principles  and  Ap- 
plication, with  Solutions  to  Examination  Questions,  1892-1905,  Ortho- 
graphic, Isometric,  and  Oblique  Projection.  By  F.  Sturch,  Staff 
Instructor  to  the  Surrey  County  Council.  With  50  Plates  and  140 
Figures.  -Fcap.,  5s.  net. 

A guide  to  the  Examinations  in  Manual  Training  Woodwork  of  the  City 
and  Guilds  of  London  Institute,  the  Board  of  Examinations  for  Educational 
Handwork,  and  the  Examinations  of  the  N.  U.T. , and  for  use  in  Secondary 
Schools  and  Training  Colleges.  It  deals  with  the  requirements  in  Geo- 
metrical and  Mechanical  Drawing  of  the  Educational  Department,  U niversity 
of  London,  London  Chamber  of  Commerce,  etc. 

Carpentry  and  Joinery.  By  F.  C.  Webber,  Chief  Lecturer  to  the 
Building  Trades  Department  of  the  Merchant  Venturers’  Technical 
College  at  Bristol.  Sixth  Edition.  Crown  Svo,  3s.  6d. 

[ Textbooks  of  Technology . 

An  elementary  textbook  suitable  for  the  Preliminary  Grade  of  the  City  and 
Guilds  of  London  Institute  and  as  a book  of  reference  for  the  apprentice. 

Builders’  Quantities.  By  H.  C.  Grubb,  Lecturer  at  Beckenham 
Technical  Institute.  Crown  8vo,  4s.  6d.  [ Textbooks  of  Technology . 

This  treatise  has  been  compiled  to  assist  students  who  are  preparing  for 
the  examination  in  Builders’  Quantities,  held  by  the  City  and  Guilds  of 
London  Institute;  while  those  studying  for  other  examinations,  such  as 
Honours  Building  Construction,  held  by  the  Board  of  Education,  etc.,  will 
find  it  covers  that  portion  of  the  syllabus  relating  to  Quantities. 

Engineering  Workshop  Practice.  By  Charles  C.  Allen,  Head 
of  the  Department  of  Engineering,  Technical  Institute,  Auckland. 
With  152  Illustrations.  Crown  Svo,  3s.  6d.  [ Textbooks  of  Technology. 

This  deals  with  the  manufacturing  operations  employed  in  modern  work- 
shops, and  is  intended  chiefly  for  students  who  have  opportunities  of  both 
examining  and  using  the  machines  and  tools  required. 

Repousse  Metal  Work.  By  A.  C.  PIorth.  Crown  Svo,  2s.  6d. 

[ Textbooks  of  Technology. 

This  book  provides  students  with  a graded  scheme  of  Sheet  Metal  Work 
for  Schools,  containing  all  the  information  necessary  to  those  wishing  to 
become  expert. 
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Electric  Light  and  Power.  By  E.  E.  Brooks,  B.Sc.(Lond.),  Head 
of  the  Department  of  Physics  and  Electrical  Engineering.  Leicester 
Municipal  Technical  School,  and  W.  H.  N.  James,  A.R.C.S. 
A.M.I.E.E.,  Lecturer  in  Electrical  Engineering,  Municipal  School 
of  Technology,  Manchester.  With  17  Plates  and  230  Illustrations. 
Second  Edition.  Crown  8vo,  4s.  6d.  [ Textbooks  of  Technology. 

This  work  is  an  introduction  to  the  study  of  Electrical  Engineering,  no 
previous  knowledge  being  assumed,  and  very  little  mathematics  being  required. 
It  is  intended  mainly  for  students  employed  in  electrical  industries. 

An  Introduction  to  the  Study  of  Textile  Design.  By  Aldred 
F.  Barker,  Head  of  the  Textile  Department,  Bradford  Technical 
College.  Demy  Svo,  7s.  6d.  [.Textbooks  of  Technology. 

This  work  includes  within  its  pages  the  information  which  the  student  of 
Textile  Design  should  seek  to  thoroughly  master  during  the  first  two  years 
he  attends  the  Textile  School. 

A Textbook  dealing  with  Ornamental  Design  for  Woven 
Fabrics.  By  C.  Stephenson,  of  the  Bradford  Technical  College, 
and  F.  Suddards,  of  the  Yorkshire  College,  Leeds.  With  66 
Full-page  Plates  and  numerous  Diagrams  in  the  Text.  Third  Edition. 
Demy  Svo,  7s.  6d. 

The  subject-matter  is  arranged  as  far  as  possible  in  progressive  order, 
and  always  with  due  regard  to  the  practical  application  of  ornament  to  the 
weaving  process.  Several  chapters  are  devoted  to  the  various  methods  of 
building  up  all-over  repeating  patterns. 


Messrs.  Methuen’s  Series 

Particulars  of  the  following  Books  will  be  found  in  the  First  Section  of  this 
Catalogue , under  the  Subjects.  Further  Series  will  be  found  under  the  Subjects, 
namely,  Simplified  French  Texts,  p.  12 ; Advanced  French  Texts,  p.  13 ; New 
Geographical  Series , p.  14 ; Simplified  German  Texts,  p.  16;  School  County 
Histories,  p.  21 ; Six  Ages  of  European  Histoiy,  p.  24. 


The  Beginner’s  Books 


Edited  by  W.  WILLIAMSON,  B.A.,  F.R.S.L. 


A series  of  elementary  class  books  for  beginners  of  seven  to  twelve  years,  or  there- 
abouts. They  are  adapted  to  the  needs  of  preparatory  schools,  and  are  suitable  for 
the  use  of  candidates  preparing  for  the  Oxford  and  Cambridge  Preliminary  Local  and 
the  College  of  Preceptors  Examinations.  The  series  will  be  especially  useful  to  lead 
up  to  Methuen’s  Junior  School  Books.  The  author  of  each  book  has  had  consider- 
able experience  in  teaching  the  subject,  while  special  attention  has  been  paid  to  the 
arrangement  of  the  type  and  matter,  which  is  as  clear  and  concise  as  possible.  The 
books  are  beautifully  printed  and  strongly  bound. 


Easy  French  Rhymes.  H. 

Blouet.  is. 

Easy  Stories  From  English  His- 
tory. E.  M.  Wilmot-Buxton.  is. 
Stories  From  Roman  History. 

E.  M.  Wilmot-Buxton.  is.  6d. 
Stories  From  the  Old  Testa- 
ment. E.  M.  Wilmot-Buxton. 
is.  6d. 

Stories  From  the  New  Testa- 
ment. E.  M.  Wilmot-Buxton.  is.6d. 


A First  Course  in  English.  W. 

S.  Beard,  is.  6d. 

A First  History  oF  Greece.  E.  E. 

Firth,  is.  6d. 

Easy  Exercises  in  Arithmetic. 

W.  S.  Beard.  Without  Answers,  is-  > 
With  Answers,  is.  3d. 

Easy  Dictation  and  Spelling- 

W.  Williamson,  is.  ... 

An  Easy  Poetry  Book.  W. 

Williamson,  is. 
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Classical  Translations 


Edited  by  H.  F.  FOX,  M.A.,  Fellow  and  Tutor  of  Brasenose  College,  Oxford. 

Crown  Svo 

A series  of  Translations  from  the  Greek  and  Latin  Classics,  distinguished  by  literary 
excellence  as  well  as  by  scholarly  accuracy. 


AEschylus  — Agamemnon,  Choe- 
phoroe,  Eumenides.  Translated  by  L. 
Campbell.  5s. 

Cicero  — De  ORATORE  I.  Trans- 
lated by  E.  N.  P.  Moor.  3s.  6d. 

Cicero — Select  Orations.  Trans- 
lated by  H.  E.  D.  Blakiston.  5s. 
Cicero  — De  Natura  Deorum. 

Translated  by  F.  Brooks.  3s.  6d. 
Cicero  — De  Officiis.  Translated 
by  G.  B.  Gardiner.  2s.  6d. 


Horace  — The  Odes  and  Epodes. 

Translated  by  A.  D.  Godley.  2s. 
Lucian— Six  Dialogues.  Trans- 
lated by  S.  T.  Irwin.  3s.  6d. 
Sophocles  — Ajax  and  Electra. 

Translated  by  E.  D.  Morshead.  2s.  6d. 
Tacitus  — - Agricola  and  Ger- 
mania. Translated  by  R.  B.  Townshend. 
2s.  6d. 

Thirteen  Satires  of  Juvenal. 

Translated  by  S.  G.  Owen.  2s.  6d. 


Commercial  Series 

Edited  by  H.  de  B.  GIBBINS,  Litt.D.  M.A 
Crown  8vo 

A series  intended  to  assist  students  and  young  men  preparing  for  a commercial 
career,  by  supplying  useful  handbooks  of  a clear  and  practical  character,  dealing  with 
those  subjects  which  are  absolutely  essential  in  the  business  life. 


The  Principles  of  Book-keeping 
by  Double  Entry.  J.  E.  B. 

M ‘Allen.  2s. 

A French  Commercial  Reader. 

S.  E.  Bally.  2s. 

French  Commercial  Correspon- 
dence. S.  E.  Bally.  2s. 

German  Commercial  Corre- 
spondence. S.  E.  Bally.  2s.  6d. 

A German  Commercial  Reader. 
S.  E.  Bally.  2s. 

A Commercial  Geography  of 
Foreign  Nations.  F.  C.  Boon.  2s. 
Commercial  Law.  ' W.  D. 

Edwards.  2s. 

British  Commerce  and  Colonies 
from  Elizabeth  to  Victoria. 

H.  DE  B.  Gibbins.  25. 


The  Economics  of  Commerce. 

H.  de  B.  Gibbins.  is.  6d. 

Commercial  Examination 
Papers.  H.  de  B.  Gibbins.  is.  6d. 

A Primer  of  Business.  S.  Jack- 
son.  New  and  Revised  Edition,  is.  6d. 

An  Entrance  Guide  to  Profes- 
sions and  Business.  H.  Jones, 
is.  6d. 

A Commercial  Geography  of 
the  British  Empire.  L.  W. 

Lyde.  2s. 

A Short  Commercial  Arithmetic. 

F.  G.  Taylor,  is.  6d. 

Prdcis  Writing  and  Office  Cor- 
respondence. E.  E.  Whitfield. 

2S. 


Junior  Examination  Series 

Edited  by  A.  M.  M.  STEDMAN,  M.A 
Fcap.  8vo,  is. 

This  series  is  intended  to  lead  up  to  the  School  Examination  Series,  and  is  for  the  use 
of  teachers  and  pupils  in  Lower  and  Middle  Forms,  to  supply  material  for  the  former  and 
practice  for  the  latter.  The  papers  are  carefully  graduated,  cover  the  whole  of  the  subject 
usually  taught,  and  are  intended  to  form  part  of  the  ordinary  class  work.  They  may  be 
used  vivS.  voce  or  as  a written  examination. 


Junior  French  Examination 
Papers.  F.  Jacob. 

Junior  English  Examination 
Papers.  W.  Williamson. 

Junior  Arithmetic  Examination 
Papers.  W.  S.  Beard. 

Junior  Algebra  Examination 
Papers.  S.  W.  Finn. 

Junior  Greek  Examination 
Papers.  T.  C.  Weatherhead. 


Junior  Latin  Examination 
Papers.  C.  G.  Botting. 

A Key  to  the  above.  3s.  6d.  net. 

Junior  General  Information 
Examination  Papers.  w.  S. 

Beard. 

A Key  to  the  above.  3s.  6d.  net. 

Junior  Geography  Examina- 
tion Papers.  W.  G.  Baker. 
Junior  German  Examination 
Papers.  A.  Voegelin. 

Junior  History  Examination 
Papers.  W.  O.  P.  Davies. 
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Junior  School  Books 

Edited  by  0.  D.  INSKIP,  LL.D.,  and  W.  WILLIAMSON,  B.A. 

Fnvrn  f''reh°f  p\°r  Cca'tS  b?0ks-  . They  a.re  adapted  to  the  needs  of  the  Lower  and  Middle 
forms  of  the  Public  Schools,  and  are  suitable  for  the  use  of  candidates  preparing  for  the 
Oxford  and  Cambridge  Junior  Local  Examinations.  P P 8 


A Class-Bock  of  Dictation 
Passages.  W.  Williamson,  is.  6d. 
The  First  Book  of  Kings.  A.  E. 

Rubie.  2s. 

The  Gospel  according  to  St. 

Matthew.  Edited  by  E.  W.  South, 
is.  6d. 

The  Gospel  according  to  St. 

Mark.  Edited  by  A.  E.  Rubie.  is.  6d. 
The  Gospel  according  to  St. 

Luke.  Edited  by  W.  Williamson.  2s. 
The  Acts  of  the  Apostles.  Edited 
by  A.  E.  Rubie.  2s. 

A Junior  English  Grammar. 

W.  Williamson.  2s. 

A Junior  Greek  History.  W.  H. 

Spragge.  2s.  6d. 

A Junior  Latin  Prose.  H.  N. 

Asman.  2s.  6d. 


A Junior  German  Grammar. 

H.  C.  A.  Seckler.  2s.  6d. 

Elementary  Experimental 
Science.  Physics  by  W.  T. 

Clough;  Chemistry  by  A.  E. 
Dunstan.  2s.  6d. 

Elementary  Experimental 
Chemistry.  A.  E.  Dunstan.  2s. 

A Junior  Chemistry.  E.  A. 

Tyler.  2s.  od. 

A Junior  French  Grammar. 

L.  A.  Sornet  and  M.  J.  Acatos.  2s. 

A Junior  French  Prose.  R. 

R.  N.  Baron.  2s. 

A Junior  Geometry.  N.  S. 

Lydon.  2S. 

A School  Latin  Grammar.  H.  G. 

Ford.  2s.  6d. 

English  Literature  for  Schools. 

E.  E.  Firth.  2s.  6d. 


Methuen’s  New  Historical  Series 

Edited  by  the  Rev.  H.  N.  ASMAN,  M.A.,  B.D. 

These  are  the  first  volumes  of  a new  historical  series  for  Schools  under  the  General 
Editorship  of  the  Rev.  H.  N.  Asman,  M.A.,  B.D.,  Second  Master  of  Owen’s  School, 
Islington.  The  series  is  on  the  lines  of  the  recent  Circular  of  the  Board  of  Education  on  the 
teaching  of  history. 

A History  of  England  for  Schools.  In  Three  Volumes.  Crown  8vo, 
2s.  6d.  each.  Vol.  I.,  to  1485.  By  H.  J.  Cape,  M.A.  Vol.  II.,  1485-1714.  By  L. 
Oldershaw,  M.A.  Vol.  III.,  1714-1910.  By  E.  Bowyer,  B.A. 

Stories  from  Ancient  History.  By  E.  Bowyer,  B.A.,  B.Sc.,  Assistant 
Master  Owen’s  School.  Crown  8vo,  is.  6d. 

Stories  from  Modern  History.  By  E.  M.  WlLMOT-BuXTON,  F.R.Hist.S. 

Crown  8vo,  is.  6d. 


School  Examination  Series 


Edited  by  A.  M.  M.  STEDMAN,  M.A. 

Crown  8vo,  2s.  6d. 

These  books  are  intended  for  the  use  of  teachers  and  students — to  supply  material  for 
the  former,  and  practice  for  the  latter.  The  papers  are  carefully  graduated,  cover  the 
whole  of  the  subject  usually  taught,  and  are  intended  to  form  part  of  the  ordinary  class  work. 


French  Examination 

A.  M.  M.  Stedman.  Key. 


Papers. 

6s.  net. 


Latin  Examination 

A.  M.  M.  Stedman.  Key. 


Papers. 

6s.  net. 


Greek  Examination  Papers. 

A.  M.  M.  Stedman.  Key.  6s.  net. 

German  Examination  Papers. 

R.  J.  Morich.  Key.  6s.  net. 


History  and  Geography  Exam- 
ination Papers.  C.  H.  Spence. 
Physics  Examination  Papers. 

R.  E.  Steel. 

General  Knowledge  Examina- 
tion Papers.  A.  M.  M.  Stedman. 
Key.  7s.  net. 

Examination  Papers  in  English 
History.  J.  Tait  Wardlaw. 
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Stories  from  the  Histories 

Edited  by  E.  M.  WILMOT-BUXTON,  F.R.Hist.Soc. 

With  a Map.  Crown  8vo,  is.  6d.  each 

This  scries  will  embrace  the  history  of  all  the  chief  countries  of  the  world.  It  is  hoped 
that  by  supplying  a series  of  interesting  stories  these  volumes  will  promote  a desire  for  a 
more  detailed  knowledge  and  remove  the  general  complaint  that  English  children  grow  up 
ignorant  of  the  great  events  and  characters  in  the  history  of  other  nations.  The  first 
volumes  are : — 

Tales  from  Irish  History.  | Stories  from  French  History. 

A.  Birkhead,  B.A.  I Taylor  Dyson,  M.A. 


Stories  from  the  Great  Writers 


Edited  by  E.  M.  WILMOT-BUXTON,  F.R.Hist.Soc. 
Crown  8vo,  is.  6d.  each 


In  this  series  incidents  have  been  selected  from  the  works  of  the  best  writers  and 
abridged  or  retold  to  make  them  appeal  to  children.  It  is  hoped  that  these  stories  wilt 
kindle  a love  for  the  works  of  the  best  writers  and  stimulate  children  to  read,  after 
schooldays,  the  originals  and  others  by  these  authors.  The  first  volumes  are : — 


Stories  from  Dickens.  Joyce 
Cobb. 

Stories  from  Chaucer.  Ada 

Hales. 


Stories  from  Bunyan.  Edith 
L.  Elias. 

Stories  from  the  Earthly  Para- 
dise. Edith  L.  Elias. 


Stories  from  Old  Romance 

Edited  by  E.  M.  WILMOT-BUXTON,  F.R.Hist.Soc. 

Crown  8vo,  is.  6d.  each 

These  volumes  will  serve  as  an  introduction  to  world  literature  as  well  as  form  literary 
readers  that  will  appeal  to  children  between  the  ages  of  eight  and  twelve  in  all  classes  of 
schools.  They  will  also  be  found  suitable  gift-books  for  all  young  lovers  of  stirring 
romance  and  tales  of  chivalry.  The  first  volumes  are  : — 

Stories  from  Old  French  Ro-  j Stories  from  Old  English  Ro- 
mance. E.  M.  Wilmot-Buxton.  | mance.  Joyce  Pollard. 

Stories  from  Old  Italian  Romance.  Susan  Cunnington. 


Textbooks  of  Science 

Fully  Illustrated.  Crown  8vo 

A series  of  textbooks  for  Secondary  Schools  and  Schools  of  Science 


Practical  Mechanics.  S.  H. 

Wells.  3s.  6d. 

The  Complete  School  Chemistry. 

F.  M.  Oldham.  4s.  6d. 

Examples  in  Elementary 
Mechanics.  W.  J.  Dobbs.  5s. 
Practical  Chemistry.  Part  I. 
W.  French,  is.  6d. 

Practical  Chemistry.  Part  II.  W. 

French  and  T.  H.  Boardman.  is.  6d. 
Elementary  Science  for  Pupil 
Teachers.  W.  T.  Clough  and  A. 
E.  Dunstan.  2S. 

Outlines  of  Physical  Chemistry. 

G.  Senter.  New  Edition.  5s. 

An  Organic  Chemistry  for 
Schools  and  Technical  In- 
stitutes. A.  E.  Dunstan.  2s.  6d. 

A Preliminary  Physiology.  W. 

Narramoue.  3s.  6d. 


Examples  in  Physics.  C.  E. 

Jackson.  2s.  6d. 

First  Year  Physics.  C.  E.  Jack- 

son.  is.  6d. 

Technical  Arithmetic  and 
Geometry.  C.  T.  Millis.  3s.  6d. 
Plant  Life.  H.  F.  Jones.  3s.  6d. 

A Practical  Chemistry  for 
Technical  Institutes.  A.  E. 

Dunstan  and  F.  B.  T.  Thole.  3s.  6d. 

Practical  Physics:  A Laboratory 
Course  for  Advanced  Students.  S.  S. 
Richardson.  4s.  6d. 

Elementary  Experimental  Elec- 
tricity and  Magnetism,  w. 

T.  Clough.  2s.  6d. 

A Concise  History  of  Chemistry. 

T.  P.  Hilditch.  2s.  6d. 
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Textbooks  of  Technology 

Fully  Illustrated.  Crown  8vo 


How  to  Make  a Dress.  T.  A E 

Wood.  is.  6d. 

Carpentry  and  Joinery.  F.  C 
Webber.  3s.  6d. 

Millinery,  Theoretical 
Practical,  c.  Hill.  2S. 
instruction  in  Cookery. 

Thompson.  2s.  6d. 

An  Introduction  to  the  Study 
of  Textile  Design,  a.  F.  Barker. 
Demy  8vo,  7s.  6d. 


and 

A.  P. 


Builders’  Quantities.  H C. 

Grubb.  4s.  6d.  ' 

Repoussd  Metal  Work.  A.  0 

Horth.  2s.  6d. 

Light  and  Power. 

E-  Brooks  and  W.  H.  N.  James. 

EngineeringWorkshopPractice. 

C.  C.  Allen.  3s.  6d. 


A Selection  from  Messrs.  Methuen’s  List  of 

BOOKS  FOR  SENIOR  PUPILS 
AND  SCHOOL  LIBRARIES 

(For  the  latter  see  also  Messrs.  Methuen’s  Prize  Catalogue) 


A History  of  England 

IN  SEVEN  VOLUMES 

Edited  by  Charles  Oman,  M.A. 
Demy  8vo,  ios.  6d.  net,  each  Volume 


Messrs.  Methuen  are  publishing  in  seven  volumes  a new  “ History  of  England  " 
from  the  earliest  times  down  to  the  year  r9oo.  The  History  is  divided  into 
seven  broadly  marked  chronological  periods,  each  of  which  is  treated  in  a 
separate  volume.  The  main  object  of  the  writers  as  a body  is  to  present  the 
a,c,f-ar  nagat've  based  on  a careful  review  of  the  chief  original 
nh  mp  die  results  of  the  most  recent  scholarship  and  criticism,  and  to 

observe  in  their  handling  a just  balance  between  the  purely  political,  the  constitu- 
tional, and  the  social  and  economic  aspects  of  the  national  evolution.  At  the 
readable”6  SpeClal  attention  is  devoted  to.making  the  narrative  attractive  and 


Each  of  the  seven  volumes  contains  about  500  pages  of  text,  and  is  duly 
equipped  with  indices,  maps,  plans,  and  an  adequate  bibliography  of  the  leading 
authorities,  original  and  otherwise.  7 5 

Footnotes  and  references  are  employed  where  necessary  to  explain  statements, 
justify  conclusions,  or  indicate  important  sources  of  information.  Difficult  or 
disputed  questions  which  do  not  admit  of  proper  treatment  without  marring  the 
continuity  of  the  narrative,  are  relegated  to  special  appendices. 

The  Volumes  and  their  Authors  are  as  follows 

I.  England  before  the  Norman  Conquest.  By  Charles  Oman, 
M.A.,  Fellow  of  All  Souls’,  Chichele  Professor  of  Modern  History 
at  Oxford.  [Ready. 
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II.  England  under  the  Normans  and  Angevins  (1066-1272). 

By  H.  W.  C.  Davis,  Fellow  and  Tutor  of  Balliol  College,  some- 
time Fellow  of  All  Souls’,  Author  of  “Charlemagne.”  [Ready. 

III.  England  in  the  Later  Middle  Ages.  By  Kenneth  H. 

Vickers,  M.A.,  Exeter  College,  Oxford. 

IV.  England  under  the  Tudors  (1485-1603).  By  Arthur  D. 

Innes.  [Ready. 

V.  England  under  the  Stuarts  (1603-1714).  By  G.  M.  Trevel- 
yan, late  Fellow  of  Trinity  College,  Cambridge.  [Ready. 

VI.  England  under  the  Hanoverians  (1714-1815).  By  C.  Grant 
Robertson,  Fellow  of  All  Souls’,  Tutor  in  Modern  History  to 
Magdalen  College,  Examiner  in  the  School  of  Modern  History  in 
the  University  of  Oxford.  [Ready. 

VII.  England  since  Waterloo  (1815-1900).  ByJ.  A.  R.  Marriott, 
Lecturer  and  Tutor  in  Modern  History  and  Economics  at  Worcester 
College,  Oxford. 


A History  of  the  Art  of  War  in  the  Middle  Ages.  By  Charles 
Oman,  M.A.,  Fellow  of  All  Souls’,  Oxford,  Chichele  Professor  of 
Modem  History  in  the  University  of  Oxford.  From  the  Fourth  to  the 
Fourteenth  Century.  With  24  Plates.  Demy  8vo,  10s.  6d.  net. 

Chaucer  and  his  England.  By  G.  G.  Coulton,  M.A.  With  32 
Illustrations.  Second  Edition.  Demy  8vo,  10s.  6d.  net. 

This  book  is  chiefly  designed  as  a picture  of  Chaucer  the  man,  with  a 
background  of  the  world  in  which  he  lived. 

The  French  Revolution.  By  Thomas  Carlyle.  A History  in  Three 
Parts — I.  The  Bastille ; II.  The  Constitution  ; III.  The  Guillotine. 
With  an  Introduction,  Notes  and  Appendices  by  C.  R.  L.  Fletcher, 
M.A.,  Fellow  of  Magdalen  College,  Oxford.  With  9 Maps.  Three 
Volumes.  Crown  8vo,  18s. 

A completely  annotated  edition,  with  a long  introduction. 

The  Letters  and  Speeches  of  Oliver  Cromwell.  By  Thomas 
Carlyle.  With  elucidations.  Edited  with  Notes,  Supplement  and 
enlarged  Index  byS.  C.  Lomas,  and  an  Introduction  by  C.  II.  Firth 
M.A.  Three  Volumes.  Demy  8vo,  18s.  net. 

This  edition  is  brought  up  to  the  standard  of  modern  scholarship  by  the 
addition  of  numerous  new  letters  of  Cromwell,  and  by  the  correction  of  many 
errors  which  recent  research  has  discovered.  1 


The  History  of  the  Decline  and  Fall  of  the  Roman  Empire. 

By  Edward  Gibbon.  Edited,  with  Introductions,  Notes,  Appendices 
Index,  and  Maps,  by  J.  B.  Bury,  M.A.,  Litt.D.,  LL. D. , Regius 
Professor  of  Modern  History  at  Cambridge.  Illustrated.  In  Seven 
Volumes.  Demy  8vo,  gilt  top,  10s.  6d.  net  each.  Also  crown  8vo 
6s.  each. 


A History  of  Egypt.  By  W.  M.  Flinders  Petrie,  D.C.L.,  LL.D 
Edwards  Professor  of  Egyptology,  University  College,  London.  Fullv 
Illustrated.  In  Six  Volumes.  Crown  8vo,  6s.  each. 

This  history  aims  at  being  a student’s  reference  book,  which  shall  suffice 
for  all  ordinary  purposes,  while  the  information  is  given  in  such  a way  that 
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A Sketch  of  Egyptian  History  from  the  Earliest  Times  to 
the  Present  Day.  By  Lady  Amherst  of  Hackney.  With  30 
Illustrations  and  2 Maps.  A New  and  Cheaper  Issue.  Demy  8vo 
7s.  6d.  net. 

A digest  of  the  history  of  Egypt  for  travellers  and  students  who  have 
not  time  to  consult  the  more  voluminous  works.  The  Nile  sources  and  the 
country  through  which  it  flows  are  described,  and  the  rulers  traced  from  the 
Predynastic  kings  to  the  present  Khedive. 

A History  of  Russia  from  the  Birth  of  Peter  the  Great  to  the 
Death  of  Alexander  II.  By  W.  R.  Morfill,  M.A.,  Oriel 
College,  Oxford.  With  12  Maps  and  Plans.  Crown  8vo,  3s.  6d. 

The  book  is  founded  on  a study  of  original  documents.  A short  summary 
of  events  has  been  added  to  bring  it  down  to  the  present  time. 

The  Republican  Tradition  in  Europe.  By  H A L.  Fisher. 
Crown  8vo,  6s.  net. 

In  this  book  Mr.  Fisher  describes  the  course  of  Republican  ideas  in 
Europe  from  the  fall  of  the  Roman  Empire  to  the  foundation  of  the  Republic 
of  Portugal. 

English  Architecture.  By  T.  D.  Atkinson,  Architect.  With  196 
Illustrations.  Fcap.  8vo,  3s.  6d.  net. 

This  history  is  intended  for  the  use  of  those  who  have  no  previous  know- 
ledge of  the  subject.  It  consists  of,  first,  a description  of  the  various  styles 
from  Saxon  times  to  1800  ; and,  secondly,  an  account  of  particular  classes 
of  buildings  : churches,  religious  houses,  and  private  houses.  There  are 
many  illustrations,  chronological  tables,  a glossary,  and  a general  index. 

Schools  of  Painting.  By  Mary  Innes.  With  76  Illustrations. 
Second  Edition.  Crown  8vo,  5s.  net. 

This  book  is  intended  for  schools,  students,  and  the  general  reader,  and 
offers  a general  view  of  the  development  of  painting  in  Europe  from  the  first 
century  A.D.  to  the  beginning  of  the  nineteenth. 

A Primer  of  Tennyson.  With  a Critical  Essay.  By  W.  Macneile 
Dixon,  Litt.D.,  LL.B.  Third  Edition.  Crown  8vo,  2s.  6d. 

A short  biography  is  followed  by  a critical  examination  of  the  poems  and 
plays.  An  appendix  contains  a full  bibliography. 

A Primer  of  Wordsworth.  By  Laurie  Magnus,  M.A.  Crown  Svo, 
2s.  6d. 

A short  biography  and  critical  essay  on  the  poet’s  works. 

The  Political  Thought  of  Plato  and  Aristotle.  By  E.  Barker, 
M.A.  Demy  Svo,  10s.  6d.  net. 

The  author  traces  the  history  of  political  thought  in  Greece  to  its  culmina- 
tion in  Aristotle.  Stress  is  laid  on  the  teaching  of  Plato,  and  on  Aristotle  s 
debt  to  his  predecessor ; but  the  bulk  of  the  work  is  occupied  by  an  ex- 
position of  the  leading  ideas  of  Aristotle’s  Politics. 
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